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Swine erysipelas, caused by the bacterium Erysipelothrix 
rhusiopathiae (26), is a disease of considerable economic 
importance to the swine industry in Europe, Asia, and North 
America. In addition, the importance of the disease is being 
recognized in South America (21) and in Australia (23, 25). 
Relatively little research has been done on the epizooti-
ology of swine erysipelas. Information in veterinary litera­
ture on this aspect of the disease has been based largely on 
observations of natural outbreaks. The repeated occurrence of 
the disease in certain areas, sometimes with several years 
elapsing between outbreaks, led early investigators (93, 1^3) 
to believe that the causative organism persisted in the soil. 
This view still commonly is held. Statements that the organism 
lives for long periods and sometimes multiplies in soil can be 
found in professional literature (1, 64), popular agricultural 
publications (25, 111), and commercial literature (6l) . No 
research data are available to support these statements. 
It has been established that E. rhusiopathlae can reach 
the soil by various routes. The organism is shed profusely in 
feces (74, 115, 160) and in urine, saliva, and nasal secre­
tions (160) of pigs affected with acute erysipelas. Contamina­
tion of the soil by E. rhusiopathiae in sewage from meat-pack­
ing plants (57, 103) and in the carcasses of rodents and birds 
(13, 122) has been reported. 
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There are no reports of isolation of E. rhusiopathiae from 
soil of premises where swine are raised. Furthermore, no 
quantitative data are available on the viability of the organ­
ism in soil. Increased knowledge of the occurrence and 
survival of E. rhusiopathiae in the environment outside the 
animal host may lead to more effective control of swine ery­
sipelas . 
The purpose of this project was to determine whether or 
not E, rhusiopathiae could be found in the soil and manure of 
pens inhabited by swine, and to determine the extent of 
survival of the organism in soil under various conditions of 
temperature, moisture content, hydrogen-ion activity, and 
organic matter content. 
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REVIEW OF LITERATURE 
The bacterium Erysipelothrix rhusiopathiae (26), also 
named Erysipelothrix insidiosa (17), was first discovered in 
1878 in Germany by Robert Koch (70, pp. 83-87), who isolated 
from a laboratory mouse an organism which he called the 
"bacillus of mouse septicemia." Further studies on this 
bacillus were reported by Loffier (80) in I88I. A similar 
organism isolated by Pasteur and Thuillier from swine affected 
with rouset was briefly described by Pasteur in 1882 (104). 
Loffler is credited with giving the first accurate description 
of Schweinerotlauf, or swine erysipelas, and its causative 
agent in 1882. This work was published in I886 (79)» by which 
time other reports had appeared in European literature 
(28,  119).  
In the United States, the organism was found in a pig in 
1885 by Theobald Smith of the United States Department of 
Agriculture (1^1, p. 196),  and again in I888 by Moore (88).  
Swine erysipelas was not recognized as a serious disease in 
this country, however, until 1931 (35. 134), although reports 
of its occurrence had appeared in the intervening years 
(29,  45.  142,  150).  
Throughout the history of swine erysipelas, the epizooti-
ology of the disease has not been fully understood. Various 
factors relating to its occurrence have been suggested. 
Pasteur (104) believed that "improved" white breeds of pigs 
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were more likely to contract the disease than the more common 
breeds. Friedberger and FrShner (4l) also mentioned breed as 
a factor in susceptibility, although Harrington (5^) saw no 
such relationship. Fortner (39) reported an apparent family 
resistance to experimental infection. 
Nutritional influences, including deficiencies (137). have 
been cited as having epizootiological significance. Aitken (1) 
reported outbreaks that appeared to be related to accidental 
access to a corn field, feeding of new corn, or introduction 
into new pasture. Kurek (75) reported that susceptibility was 
increased experimentally by a high protein diet. In connection 
with this factor, Aitken (1) and Beagle as quoted by Shuman and 
Schoening (124) have noted a relationship between occurrence 
of the disease and the eating of an animal carcass. 
Variations in incidence of swine erysipelas related to 
cyclic years and to season of the year have been mentioned 
(1, 52, 62, 71)• According to Van Es and McGrath (l44), the 
incidence is greater in the third quarter of the year than in 
the other three quarters combined. Weather conditions (63) 
also have been related to occurrence of the disease. Kita (68) 
reported that pigs kept at high ambient temperature (30° C.) 
had a more severe clinical response to infection with E, rhusio-
pathiae than did pigs kept at "normal" temperature (13° to 
15° C.). 
Age of the pig appears to be a factor in susceptibility. 
The disease seldom attacks pigs before 3 months or after 3 
5 
years of age (4l), probably because of passive immunity in the 
former and active immunity in the latter. 
The ubiquity of E. rhusiopathiae complicates attempts to 
delineate methods of transmission. The organism has been 
isolated from many species of mammals, birds, and insects, and 
from both marine and fresh-water fish (122). Hettche (57) 
found the organism in city sewage from meat-packing plants and 
suburban stables. Pankiewicz (103) also reported the isolation 
of E. rhusiopathiae from sewage of meat-packing plants. 
Olsuf'ev et a2. ($6) isolated the organism from stream water 
that they believed was being contaminated by rodents inhabiting 
the banks. Belova (11) reported that E. rhusiopathiae died out 
in 3 days in pond and river water, indicating that its presence 
in such an environment is probably transient. Wellmann (152) 
found that rodents, birds, and insects could act as inter­
mediate carriers, but stated that their significance remained 
to be proved. 
Excretion of E. rhusiopathiae into the environment by 
clinically affected swine ic well documented, Cornevin (28) 
stated that he could transmit the disease with fecal material 
from dead or dying pigs, but could not do so with urine. 
Hutyra et aJ. (60) and Preisz (110) mentioned observations by 
European workers (but gave no data) that erysipelas could be 
transmitted through feces and urine of pigs during illness and 
for several days after recovery. B.owsell (115) demonstrated 
the presence of the organism in feces of pigs with acute 
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erysipelas induced experimentally. Kurek (7^) found E. rhusio-
pathiae in feces of 8 out of 10 pigs ill with spontaneous 
erysipelas. More recently, Wood (l60) demonstrated that in 
addition to the feces and urine, the mouth and nasal passages 
are frequent routes of excretion of E. rhusiopathiae from 
clinically affected pigs. The organism was found also in the 
conjunctival sacs and on the skin, although comparatively 
Infrequently. Contaminated body excretions no doubt provide 
a common source of infection, since it is known that suscep­
tible pigs can contract erysipelas by ingestion of contaminated 
feed, water, and soil, as well as through superficial skin 
wounds (122). The presence of the organism on the skin of 
clinically affected pigs indicates a source of dissemination 
by direct contact, as suggested by Van Es and McGrath (l44). 
The existence of asymptomatic carriers of E. rhusiopathiae 
among swine has been known for many years. 01t (97), 
Bauermeister (9), and Pitt (107) demonstrated the organism in 
the tonsils and intestines of slaughtered pigs that had no 
clinical evidence of erysipelas. These findings have been 
confirmed by a number of investigators (5, 22, 27, 44, 55> 113, 
131. 135. 153). Furthermore, E. rhusiopathiae has been iso­
lated from tonsillar secretions taken from live, healthy pigs 
(71). Spears (128) isolated the organism from femoral red 
marrow of slaughtered pigs. 
The carrier rate among healthy pigs is estimated to vary 
from 30 to 50^ (36), but the significance of such animals as 
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disseminators of the organism has not been conclusively deter­
mined. Outbreaks of swine erysipelas frequently coincide with 
the introduction of apparently healthy pigs to a herd, indi­
cating that the carrier pig may have an important part in the 
spread of the disease. Hutyra et al. (60) considered asympto­
matic carriers to be as infectious as clinical cases and 
suggested that they were the cause of apparently spontaneous 
outbreaks. Gledhill (4$) stated that subclinical infections in 
pigs are common in enzootic areas, and suggested that such 
animals can spread the disease. On the other hand, Francke and 
Goerttler (40) believed that carriers do not create a serious 
hazard to susceptible pigs. Rowsell (ll4) reported experiments 
indicating that E, rhusiopathiae could resist the acidity of 
the stomach long enough to pass into the more favorable 
environment of the intestinal tract. He believed this to be 
the most likely route of elimination by the tonsillar carrier. 
Kurek (7^) isolated E. rhusiopathiae from 3 of 4^4- fecal 
samples {0,66%) from 67 healthy, unvaccinated swine. He con­
cluded that such animals excrete the organism in the feces only 
sporadically. 
Early workers observed that swine erysipelas appeared to 
be confined to certain geographical areas. Nocard and 
Leclainche (93) stated that although diffusion from "permanent" 
infection zones to "secondary" zones sometimes occurred, the 
disease did not tend to persist in the latter. Vallée (l43) 
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and Francke and Goerttler (i|-0) also stated that the disease was 
confined to certain districts. 
The commonly stated view that E, rhusiopathiae persists 
for long periods or may even multiply in the soil (1, l6, 64, 
111) is supported only by circumstantial evidence. Hesse (56) 
reported experiments in which E, rhusiopathiae survived only a 
few days in acid soils, but could be recovered for at least 
90 days from alkaline soils. He concluded that the organism 
could live a year or more in soil of alkaline reaction. 
Marmorstein (85) reported that the organism would grow at 
37° C. in sterile earth mixed with alkaline liquid stable waste 
or hay infusion. Vallée (1^3) reported that culture media 
containing filtrates of soil taken from areas where erysipelas 
was enzootic would support growth of E, rhusiopathiae. but 
samples from areas where the disease did not occur would not 
support growth. 
The survival of E. rhusiopathiae in soil under laboratory 
and field conditions has been observed by several investi­
gators (53, 94, 114, 129, 133). Their results indicated that 
the organism does not persist indefinitely in soil. Survival 
times varying from 5 to 32 days during natural or simulated 
conditions of the warmer months and l8 to 150 days during 
conditions of winter were reported. Vranchan et al. (14?) re­
ported that E. rhusiopathiae was eliminated more quickly from 
soil in which crops were being grown than from uncropped soil. 
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Aitken (2) pointed out an apparent correlation between 
alkalinity of soil and the occurrence of natural outbreaks. 
On the other hand, Connell and Langford (2?) stated that they 
found no evidence of geographical distribution of the disease 
according to soil type. They reported the incidence was 
proportional to swine population. 
There are no reports of isolation of E. rhusiopathiae 
from soil of premises inhabited by swine. Vallée (1^3) and 
Obreshkov (9^) could not find the organism in soil of areas 
where swine erysipelas had occurred. Rowsell (114) could not 
establish a permanent population after repeated inoculations 
into soil taken from enzootic areas. Szynkiewicz (132) 
reported that E. rhusiopathiae added to soil samples was 
destroyed by protozoa, and postulated that this was the prob­
able fate of many pathogenic bacteria in the soil. Vranchan et 
al. (14?) found in soil several species of actinomycetes that 
were antagonistic to E. rhusiopathiae. Doyle (36) believed that 
it is doubtful that the soil is the main source of infection, 
although E. rhusiopathiae may survive long enough after being 
shed by infected animals to be a hazard to susceptible pigs. 
Sukhoretskii (129) stated that the failure of the swine 
erysipelas organism to survive in soil for long periods in his 
experiments was comparable to results reported for other non-
sporeforming pathogens, and that the soil can be regarded as 
a source of infection only when continuously and directly 
contaminated. This view is supported by information available 
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in the literature, which indicates that, with the exception of 
an occasional soil-borne opportunist such as Pseudomonas 
aeruginosa (87, p. 25I), the existence in the soil of nonspore-
forming bacteria pathogenic to man and animals is a matter of 
survival in an unfavorable medium. It is believed that such 
organisms in general do not find a suitable environment in the 
soil for an indefinite existence (1^8). 
Studies on survival in soil have been reported with 
several species of nonsporeforming pathogenic bacteria, includ­
ing Brucella abortus (20, 76, l49), Vibrio fetus (78), Listeria 
monocytogenes (155). Mycobacterium avium (112, 121), and 
Mycobacterium bovis (81). Although some species survived con­
siderably longer than others, none were able to establish a 
population indefinitely. A great deal of information is avail­
able on the behavior of enteric bacteria in soil, because of 
the practical aspect of sewage disposal. The survival of 
Salmonella typhosa (10, 46, 82, 116), Salmonella tennessee (12), 
Salmonella cairo (46), Salmonella enteritidis (46), and Strep­
tococcus faecalis (32) has been investigated. All species that 
were studied survived in soil only temporarily. The behavior 
of coliform bacteria in soil has been studied (l4, 15, 32, 47, 
82,  149). Klein and Casida concluded, from recent work (69),  
that a major factor in the failure of Escherichia coli to 
survive indefinitely in soil is an inability to step down its 
metabolic rate to meet the low availability of usable organic 
carbon. 
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Leptospira pomona was reported to survive in sterile soil 
for as long as 193 days under water-logged conditions (95)• 
Recently, Kingscote (6?) reported an apparent correlation 
"between type of bedrock and the geographic distribution of 
leptospirosis in Ontario. She believed, however, that the type 
of bedrock is only an ecological marker for enzootic areas, 
and has no direct causal relationship with the disease. 
Corynebacterium equl (87,  p. 376), Streptococcus uberis 
(31). and Listeria monocytogenes (120) have been isolated from 
soil, most likely after the soil was contaminated by human 
beings or animals. Bakulov and Kotlyarov (8) stated that the 
distribution of cases of listeriosis in the Moscow region over 
a period of 20 years was correlated with acid soil. 
The concept of soil as a "purifying" medium in regard to 
most bacteria that cause diseases in man and animals has not 
changed since the latter part of the nineteenth century (148). 
However, recent reports (42, 50t 51» 98, 99) have pointed out 
the possibility that pathogenic bacteria may exist in the soil 
in different forms, some of which may be as yet undescribed. 
Such reports no doubt will stimulate further research into the 
possibility of the soil acting as a reservoir of infectious 
diseases. 
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PART I. EXAMINATION OF SOIL, MANURE, AND FECES 
OF SWINE-RAISING PREMISES FOR E. RHUSIOPATHIAE 
AND CHARACTERIZATION OF ISOLATES 
13 
METHOD OF PROCEDURE 
Materials 
Media and solutions 
Phosphate buffer solution One-tenth molar phosphate 
buffer solution (pH 7-5) was prepared by dissolving 12.0 Gm. 
of Na2HP0i|, and 2.1 Gm. of in each liter of distilled 
water and autoclaving at 121° C. for 20 minutes. The buffer 
solution was stored at 3° C. 
Concentrated selective liquid medium A liquid enrich­
ment medium (158, 159). utilizing high concentrations of anti­
biotics for the selective culture of E. rhusiopathiae, was 
modified by doubling the concentration of nutrients and anti­
biotics. The modified medium was prepared in quantities of 25 
to 30 liters as follows; A broth base was prepared, containing 
1 ? 
0.6# beef extract, 3.0% Bacto-tryptose, and 1,0^ NaCl in 
0.1 M phosphate buffer solution. The broth was filtered 
through No. 2 Whatman filter paper, and sterilized by auto­
claving at 121° C. for 15 minutes. After cooling, 800 micro-
3 U grams/ml. of kanamycin,^ 100 micrograms/ml. of neomycin, 
and 50 micrograms/ml. of vancomycin"^ were added aseptically. 
1 
"Wilson and Co., Inc., Chicago, 111. 
2 Difco Laboratories, Detroit, Mich. 
3 Kantrex, Bristol Laboratories, Syracuse, N.Y. 
k 
Mycifradin, The Upjohn Co., Kalamazoo, Mich. 
^Vancocin, Eli Lilly and Co., Indianapolis, Ind. 
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Sterile horse serum was added at the rate of 4^ by volume. The 
medium was dispensed aseptioally into sterile flasks in quan­
tities of 250 ml, and stored at 3° C. The pH of the medium was 
7.4. Medium not used within 4 weeks was discarded. 
Beef infusion broth Ground defatted beef was added to 
distilled water at the rate of one pound/liter. After standing 
overnight at 3° C., the mixture was cooked for one hour at 80° 
to 90° C., allowed to stand for 2 hours, and filtered through a 
layer of muslin. For each liter of infusion, 10 Gm. of Bacto-
1 peptone and 5 Gm. of NaCl were added. The pH was adjusted to 
7.6 with NaOH. The preparation was autoclaved at 121° C. 
for 30 minutes and filtered through No. 2 Whatman filter paper. 
The medium then was dispensed into flasks or tubes, autoclaved 
again, and stored at 3° C. The final pH range was 7*3 to 7.4. 
Beef infusion agar An infusion of beef, supplemented 
by 10 Gm. of Bacto-peptone and 5 Gm. of NaCl/liter, was pre-
1 
pared as described for beef infusion broth. Bacto-agar was 
added at the rate of 20 Gm./liter, and the pH was adjusted to 
7.6, The medium was autoclaved at 121° C. for 20 minutes and 
filtered through nonabsorbent cotton. The medium then was 
autoclaved again, dispensed into sterile petri plates, and 
allowed to harden. The plates were incubated overnight at 
37° C. and stored at 3° C. in covered cans. Slants were 
^Difco Laboratories, Detroit, Mich. 
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prepared in the same manner as plates, except that the medium 
was dispensed into tubes before the second autoclaving. The 
medium was allowed to harden in slants, and was stored at 
3° C. The final pH range was 7.3 to 7.4. 
Packer's medium (lOi) Bacto-azide violet blood agar 
1 base was prepared according to the manufacturer's directions, 
except that sterile horse serum at the rate of was added 
instead of whole blood. The medium was dispensed into sterile 
tubes and slanted. The final pH range was 6.8 to 7.0. The 
o 
slants were stored at 3 C. 
Base medium for fermentable carbon compounds A base 
medium, containing Andrade's indicator, appropriate fermentable 
carbon compounds, and a 1Q% concentration of horse serum, was 
prepared as described by Vera and Dumoff {lk5) » dispensed into 
o 
tubes, and stored at 3 C. 
Litmus milk Bacto-skim milk^ was prepared according 
to the manufacturer's directions. The pH was adjusted to 7.4, 
and the skim milk was sterilized by autoclaving at 121° C, for 
15 minutes. A sterile 10% aqueous solution of litmus was added 
aseptically at the rate of 17 ml./liter of milk. The medium 
was mixed and dispensed aseptically into sterile culture tubes, 
and stored at 3° C. 
Esculin medium Esculin agar medium consisted of 
1 40.0 Gm. of Bacto-heart infusion agar, 0.5 Gm. of ferric 
1 
Difco Laboratories, Detroit, Mich, 
16 
citrate, and 1.0 Gm. of esculin dissolved in each liter of 
distilled water. The medium was dispensed into tubes, auto-
claved at 121° C. for 15 minutes, and slanted. The final pH 
was 7.0. 
Agar-gel diffusion medium Agar-gel diffusion medium 
was made by adding Bacto-agar at the rate of 1.0^ and thimer-
osal at the rate of 0.01^ to a buffer solution (66) contain­
ing the following: 0.85^ NaCl, 0.038^ Sodium 5t5 diethyl-
barbiturate, 0.058^ 5.5 diethylbarbituric acid, 0.02% 
MgSOjij,• 7H2O, and 0.39 mg.^ CaCl2*2H20. The medium was heated 
in a boiling water bath to dissolve the agar, and stored at 
3° C. or dispensed. The pH of the medium was 7.4. 
2 Commercially prepared media Bacto-nutrient gelatin 
2 tubes and Bacto-triple-sugar iron agar slants were prepared 
according to the manufacturer's directions, and stored at 3° C. 
Sampling equipment 
Samples of soil and manure were taken with metal samplers 
designed and fabricated for the purpose. Each sampler was 
made from sheet stock of 24--gauge stainless steel, rolled into 
a tube one inch in diameter and 10 inches in length. Part of 
the tube was trimmed away, leaving a pointed 6-inch blade in 
the shape of a half-cylinder, continuous with a 4-lnch 
^Merthiolate, Eli Lilly and Co., Indianapolis, Ind. 
2 Difco Laboratories, Detroit, Mich. 
17 
cylindrical handle. The samplers were cleaned, wrapped and 
sterilized "by autoclaving after each use. 
Selection of Farms 
Samples of soil and manure were taken from 19 farms in 
Iowa where swine were raised. Eighteen of the farms were 
privately owned and operated, and one was operated by Iowa 
State University. Eleven of the farms were selected because 
swine erysipelas was known to have occurred recently on their 
premises, and eight were selected because they did not have a 
history of the disease in recent years. 
Visits to farms after diagnoses of erysipelas 
Eleven farms were visited one to three times each during 
the period of May 1 to October 21, I969 (Table 1). The initial 
visits to ten of the farms were made 6 to 22 days after swine 
erysipelas was diagnosed, and the initial visit to one farm 
(Moville I) was made 101 days after diagnosis of the disease. 
Diagnosis of erysipelas in each case was made by a local 
veterinarian and confirmed by the Veterinary Diagnostic Labo­
ratory at Iowa State University, Ames, Iowa. Confirmation was 
based on isolation and identification of E, rhus1opathiae from 
postmortem specimens. 
Additional visits Nine farms were visited twice, and 
four of these were visited three times (Table 1). The time 
interval between the first and second visits was two months. 
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Table 1. Visits made to farms in Iowa on which swine 
erysipelas recently had been diagnosed 
Date of Days elapsed since 
Name of Number of visit diagnosis of 
farm®" visit (1969) erysipelas 
Moville I 1 May 1 101 
2 July 8 169 
3 Oct. 7 260 
Moville II 1 May 1 22 
2 July 8 90 
3 Oct. 7 181 
Scranton 1 May 2 15 
2 July 2 
3 Sept. 30 166 
Alleman 1 May 13 6 
2 July 15 69 
3 Oct. 21 167 
Knoxville 1 May 16 11 
2 July 22 78 
Boone I 1 May 21 11 
2 July 24 75 
Rudd 1 May 28 10 
2 July 29 72 
Van Home 1 June 16 13 
2 Aug. 19 78 
Massena 1 June 19 15 
2 Aug. 21 78 
Slater I 1 Sept. 9 19 
Slater II 1 Sept. 11 19 
^Identified by name of the nearest town. 
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and the interval between the second and third visits was 
3 months. 
Visits to farms with no recent history of erysipelas 
Eight farms in Boone and Story Counties, Iowa, were 
selected because, according to statements by owners or oper­
ators and by local veterinarians, no clinical evidence of acute 
swine erysipelas had been observed on the premises for at least 
5 years, and in most instances not within their memory. One 
visit was made to each of these farms between September l6 and 
December 9» 19^9 (Table 2). 
Collection of Samples 
Areas sampled 
Areas of soil within swine pens and pastures were selected 
for sampling in a manner similar to the judgment method 
described by Petersen and Calvin (106). Most samples were 
taken from locations where the swine tended to congregate, 
such as areas in the vicinity of feeders, automatic waterers, 
shelters, sheds, and farrowing huts. Others were taken from 
mudholes, wallows, and areas receiving drainage from concrete 
floors of feeding pens or farrowing houses. Some samples were 
taken from areas in the pen or pasture where the swine did not 
tend to congregate. Samples were taken occasionally from 
accumulations of manure, which was usually mixed with litter, 
inside barns and sheds inhabited by swine and on outdoor 
20 
Table 2. Visits made to farms in Iowa on which swine 
erysipelas had not been observed for at least five 
years 
Name of Date of visit 
farrn^ (1969) 
Slater III Sept. 16 
Huxley Sept. 23 
Ames I Oct. 14 
Kelley Oct. 28 
Ames II Nov. 4 
Maxwell Nov. 11 
Boone II Nov. 18 
I.S.U. Dec. 9 
The first seven farms are identified by name of the 
nearest town. "I.S.U." denotes a farm operated by Iowa 
State University, near Ames. 
concrete slabs. On some farms, samples were taken from feed-
lots inhabited by both cattle and swine. 
In this investigation, samples of material taken from 
earth areas of a swine pen, pasture, or feedlot were called 
soil, regardless of the organic matter content, and samples of 
material that had accumulated on concrete or in buildings were 
called manure. 
Samples of freshly voided feces were obtained at four 
farms, and were collected by taking the portion of a fecal 
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deposit that had not come in contact with the soil or floor 
surface. 
Method of sampling 
All samples were composites weighing 100 to 500 Gm., and 
each composite consisted of 4 to 8 portions taken from an area 
varying from 20 to 500 square feet. Most portions making up a 
composite were in the form of a cylindrical plug 2 to 4 inches 
in length. The sampler was used as a scoop to collect dry 
soil or mud. A separate sterilized sampler was used to collect 
each composite, which was placed in a sterile l8-ounce poly-
1 
ethylene bag equipped with a tight closure. The sample was 
identified with a number, the location of the area from which 
it was obtained was marked on a sketch of the premises, and a 
verbal description of its source was recorded. 
Samples were taken to the laboratory the same day they 
were collected, and stored at 3° C. 
Cultural Examination of Samples 
Processing of samples 
Samples were processed for cultural examination on the day 
after they were collected. Samples of soil, manure, and fresh 
feces were processed in the same manner. Two portions of 
approximately 75 to 100 Gm. from each sample were processed; 
^S/P Whirl-Pak Bag, Scientific Products, Evanston, 111. 
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thus, each sample was culturally examined in duplicate. Each 
portion was placed into a sterile pint Mason jar with the aid 
of a sterile wood tongue blade. Sterile chilled 0.1 M phos­
phate buffer solution was added to make a total volume in each 
jar of approximately 230 ml. A sterile metal stirring rod 
with a 2-inch propeller was placed in each jar, which then was 
covered with a sterile flat Mason lid with a hole in the center 
for the shaft of the stirring rod. The lids were secured with 
standard Mason rings. The contents were mixed for 10 minutes 
with stirring motors operated at l600 R.P.M., transferred to 
sterile 250-ml. screw-capped glass centrifuge bottles, and 
centrifuged for 10 minutes at 1000 R.P.M, (270 R.C.F.) in an 
International model UV centrifuge.^ Each bottle was shaken to 
resuspend only the topmost layer of the residue, and the cloudy 
supernatant fluid was decanted into a sterile, 1000-ml., screw-
capped, calibrated Erlenmeyer flask. To the flask was added 
250 ml. of concentrated selective liquid medium. Sterile 
0.1 M phosphate buffer solution was added to bring the total 
volume to slightly above the 500-nil. mark on the calibrated 
flask. 
Culture procedure 
The contents of each flask were mixed by shaking with a 
rotary motion. The flasks were loosely capped and incubated 
1 International Equipment Co., Boston, Mass. 
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at 37° C. At 24 hours, they were shaken again to resuspend the 
sediment. At 48 hours, a drop of the contents of each flask 
was transferred to the surface of a slant of Packer's medium. 
The inoculum was spread over most of the surface of the slant. 
The slants were incubated at 37° C. for 72 hours and examined 
for evidence of bacterial growth under a dissecting microscope, 
using diffuse transmitted light. Surface growth on slants of 
Packer's medium characteristic of E. rhuslopathiae was con­
fluent and had a semitransparent appearance reminiscent of 
frosted glass. Dye was not accumulated from the medium by this 
growth. Bacterial growth with these characteristics was 
streaked onto plates of beef infusion agar, which were incu­
bated at 37° C. for 48 hours. Colonies were examined with a 
dissecting microscope, using diffuse transmitted light. The 
presence of colonies with morphologic characteristics of E. 
rhusiopathiae (122, 159) provided the initial basis for the 
tentative classification of a culture as positive. A single 
smooth colony was selected to represent the original sample 
from which it was cultured, and was transferred to a tube of 
beef infusion broth. After 24 hours at 37° C., each broth 
culture was subcultured onto two beef infusion agar slants, and 
an aliquot was combined with sterile skim milk in a ratio of 
2:1 and lyophilized. The inoculated slants were incubated 24 
hours at 37° C., capped tightly, and stored at 3° C. to be 
used as stock cultures. Subcultures from these stock cultures. 
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grown in beef infusion broth for 24 hours at 37° C., were used 
in tests for characterization of the isolates. 
Characterization of Isolates 
Morphologic and growth characteristics 
In addition to colonial morphology, tentative identifi­
cation of isolates as E. rhusiopathiae was based on typical 
cellular morphology (122, 159)* Dried smears of 24-hour broth 
cultures were heat-fixed, stained with crystal violet, and 
examined microscopically. Nutrient gelatin was inoculated 
with a stab and incubated at 20° C. for 7 days. The "test 
tube brush" growth considered typical of E. rhusiopathiae (17) 
indicated a positive test. 
Biochemical tests 
Biochemical characterization of isolates was based on; 
1) the pattern of acid production from 20 fermentable carbon 
compounds (Table 3)» using the method reported by White and 
Shuman (157). 2) reaction in litmus milk, 3) ability to hydro-
lyze esculin, 4) production of H28 in triple-sugar iron agar 
(146), and 5) production of catalase (102). The test for 
catalase was conducted using cultures grown for 24 hours on 
beef infusion agar slants. 
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Table 3. Typical pattern of acid production by E. rhusio-
pathiae from fermentable carbon compounds in 
Andrade's base with 10^ serum (157, 159) 
Compound Reaction^ Compound Reaction^ 
Arabinose - Maltose + 
Dextrin + Mannitol -
Dulcitol - Mannose sb 
Fructose + Raffinose -
Galactose + Rhamnose -
Glucose + Salicin -
Glycerol - Sorbitol -
Inositol - Sucrose 
Inulin - Trehalose -
Lactose + Xylose -
= acid reaction within 48 hours; - = no acid reaction 
within 48 hours. 
^Slow acid reaction (5 to 21 days); rarely no acid 
reaction. 
^Variable; usually a slight acid reaction in 4 to 5 days. 
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Pathogenicity for animals 
Mouse-protection test A mouse-protection test (159) 
was conducted with each isolate as follows: Eight female 
A 
mice, weighing 16 to 20 Gm. each, were divided into two groups 
of 4- mice each. The 4 mice in one group were each given 
0.3 ml. of commercial hyperimmune anti-erysipelothrix horse 
2 
serum by subcutaneous injection into the skin fold of the 
right flank. All 8 mice were given 0.1 ml. of broth culture 
9 
of the isolate (approximately 10 viable cells) each by sub­
cutaneous injection into the skin fold of the left flank. 
Each group of 4 mice was kept in a separate cage and observed 
daily. Numbers of dead and living mice were recorded daily, 
and dead mice were discarded. Surviving mice were killed and 
discarded after Ik days. 
Isolates which killed mice that had been given 0.3 ml. of 
immune serum were retested in mice given 0.6 ml. of serum. 
Pathogenicity for swine The pathogenicity of each 
isolate for swine was determined. Eighteen Chester White pigs, 
of mixed sexes and 5 "to 5 1/2 months of age, were obtained 
from the specific-pathogen-free herd maintained at the National 
Animal Disease Laboratory, Ames, Iowa. The pigs were indi­
vidually penned. Each pig was restrained with the aid of a 
1 
Strain CP #1, Carworth, Inc., Portage, Mich. 
2 
Produced by Amdal, Inc., Division of Abbott Laboratories, 
North Chicago, 111. 
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stanchion, and the hair was clipped from both sides of the body 
between the shoulder and the flank. On most pigs, the skin of 
the area was cleaned with water and liquid hand soap, rinsed 
with clear water, and dried with a towel. Each pig was given 
separate intradermal injections of cultures of 15 to 20 iso­
lates. The dose of each isolate consisted of 0.1 ml. of broth 
culture (approximately 10^ viable cells). The injections 
were made in 2 parallel—h®3Fizontal rows on each side of the 
pig. The horizontal and vertical distance between injections 
was 3 to 4 inches, and the location of each injection was 
marked with a dot placed approximately 1 1/2 inches ventral to 
the site with a black felt marker. The upper row of injections 
was located 5 to 6 inches lateral to the dorsal midline. Each 
pig was given, in addition to the isolates being tested, 
0.1 ml. of broth culture (approximately 10^ viable cells) of 
a stock strain of E. rhusiopathiae of established virulence, 
to serve as a control. This strain, identified as HC-585 ( I 6 0 )  
was selected for its ability to induce a typical urticarious 
lesion at the site of injection without inducing severe signs 
of generalized infection. An intradermal injection of this 
strain was made on the left side of each pig, in the most 
posterior position in the lower row of injections. 
The sites of injection were observed for development of 
local urticarious lesions. Lesions were measured and color 
photographs were made at 24 and 48 hours. After 72 hours, the 
pigs were discarded. 
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Isolates that did not induce a visible or palpable urti-
carious lesion, or that induced a very mild lesion, were 
retested using six primary specific-pathogen-free pigs. These 
pigs had been delivered by hysterectomy, given no colostrum, 
vaccines, antiserums, or antibiotics, and reared in isolation 
on concrete floors. The pigs were of mixed breeding, white in 
color, of mixed sexes, and 4 1/2 months of age at the time they 
were used. Intradermal injections and observations were made 
as with the preceding pigs. 
Staining with fluorescent antibody 
Examination of isolates for staining with fluorescent 
antibody was conducted by Dr. Rube Harrington and Mr. Donald C. 
Hulse, Diagnostic Services, Animal Health Division, A.R.S., 
U.S.D.A., National Animal Disease Laboratory, Ames, Iowa. The 
fluorescent conjugate was made with globulin obtained from 
1 
commercial hyperimmune anti-erysipelothrix horse serum. The 
dye was fluorescein isothiocyanate. 
Serologic typing 
Isolates were classified according to serotypes of E. 
rhusiopathiae, insofar as reference strains were obtained. 
Lyophilized reference strains representing serotypes that have 
been designated A, B, G, D, E, G, and P were utilized. 
1 Produced by Anchor Serum Company, St. Joseph, Mo. 
29 
Reference strains Two strains of E. rhusiopathiae of 
swine origin, identified as HC-585 and 8-192, were obtained 
from the stock culture collection at the National Animal 
Disease Laboratory, Ames, Iowa. The serotypes of these strains, 
classified according to Dedie (3^)» have been documented ( 1 5 6 ) .  
Strain HC-585 is type A and strain S-192 is type B. Two 
reference strains of fish origin (151), identified as Wittling 
El and Doggerschabe,^ were obtained from stock at the National 
Animal Disease Laboratory. They had been received originally 
from Dr. G. Wellmann, Bundesgesundheitsamt, Max von Petten-
kofer-Institut, Berlin-Dahlem. The serotypes of these strains, 
according to Heuner (58), are as follows: strain Wittling El, 
type C; strain Doggerschabe, type D. Three reference strains, 
identified as Kaparek, VI-12-8, and Poland, were obtained from 
Dr. A. F. Pestana de Castro, Institute Biologico, Sao Paulo 
S.P., Brazil. Strains Kaparek and VI-12-8 had been obtained 
originally by Castro (21) from Dr. G. Kucsera, Budapest, 
Hungary, and strain Poland had been obtained from Dr. M. 
Truszczynski, Pulawy, Poland. Strain Kaparek, isolated from 
fish, was designated type E by Kucsera (72). Strain VI-12-8, 
designated type G by Kucsera (73)» was isolated from the 
tonsils of a pig. Strain Poland was designated type P by 
^The name of this strain was spelled "Doggerscharbe" by 
Wellmann in his report describing its original isolation (151). 
However, the spelling "Doggerschabe" was used in unpublished 
data received from Dr. Wellmann, and in a subsequent publica­
tion by one of his co-workers ( 5 8 ) .  
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Truszczynski (139), who had received it from the Institute of 
Plant Protection in Poznan, Poland. Each of the seven refer­
ence strains was subjected to the same tests for characteri­
zation as were the isolates. 
Preparation of antigens for hyperimmunization of rabbits 
Whole-cell antigens for hyperimmunization of rabbits were pre­
pared from cultures of each reference strain as follows: An 
ampule of lyophilized culture was reconstituted and transferred 
to a tube of beef infusion broth. The broth was incubated at 
37° C. for 24 hours and one ml. was transferred to 1000 ml. of 
pre-incubated beef Infusion broth. After 24 hours at 37° G., 
the culture was killed by the addition of formalin at the rate 
of 10 ml./liter. The formolized culture was allowed to stand 
overnight at room temperature. Cells were harvested by cen-
trifugation for 10 minutes in a Sorvall 88-3 centrifuge^ with 
a type G8A rotor operated at 9500 R.P.M. (l4,600 R.C.P.). The 
clarified broth medium was decanted and the cells were resus-
pended and washed in 0.85^ NaCl solution containing 0.01^ 
thimerosal. The cells were sedimented again by centrifugation, 
the supernatant fluid was decanted, and the washing procedure 
was repeated. The cells were finally resuspended, in 0.85^ 
NaCl solution with 0,01^ thimerosal, to 30^ light transmittance 
1 
Ivan 8orvail, Norwalk, Conn. 
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at 600 nanometers in a colorimeter,^ and stored at 3° C. The 
preparation was checked for sterility by inoculating beef 
infusion broth and agar with portions of the cell suspension. 
Hyperimmunization of rabbits New Zealand white rabbits, 
of mixed sexes and weighing 3 to 5 pounds each, were used for 
production of typing serums. The antigen preparation from each 
reference strain was given to three rabbits by intravenous 
injections of graded amounts, according to the schedule given 
in Table k. The rabbits were exsanguinated on day 23. serum 
was harvested, and thimerosal was added at the rate of 0.01%. 
Serums from the three rabbits hyperimmunized against a refer­
ence strain were pooled if their precipitin reactions with 
homologous antigen appeared qualitatively and quantitatively 
similar; otherwise, the serum giving the strongest and most 
distinct precipitin reaction was selected. The serums were 
2 passed through membrane filters having a pore size of 0.^5 
micrometers, dispensed aseptically in 3-211. aliquots into 
sterile 6-ml. vaccine bottles, and stored at -40° C. Aliquots 
were removed from storage as needed, and kept at 3° C. while 
being used. 
Preparation of antigen for determination of serotype 
Antigen for determination of serotype was prepared from each 
reference strain and from each isolate by extracting whole 
1 
Spectronic 20, Bausch and Lomb, Rochester, N.Y. 
^Millipore Filter Corp., Bedford, Mass. 
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Table 4. Schedule of intravenous administration of whole 
cell antigen for hyperimmunization of rabbits 
against reference strains of E. rhusiopathiae 
Day 
Milliliters 
of antigen®- Day 
Milliliters 
of antigen®-
0 0.5 14 3.0 
2 0.5 16 5.0 
4 1.0 18 5.0 
8 2.0 21 5.0 
10 2.0 
^Cell suspension adjusted to 30^ light transmittance 
at 600 nanometers in a colorimeter. 
cells with hot acetic acid according to the method of Atkinson 
(7). The procedure was as follows: One milliliter of a 24-
hour beef infusion broth culture of each isolate or reference 
strain was transferred to l60 ml, of pre-incubated beef 
infusion broth containing horse serum (10^ by volume). After 
18 to 20 hours at 37° C., the cells were harvested by centrifu-
gation, as described under Preparation of antigens for hyper-
immunization of rabbits. and washed twice in 0.85^ NaCl solu­
tion containing 0.01^ thimerosal. The cells were resuspended 
in ^  ml. of 0.03 N acetic acid and heated 4-5 minutes in a 
boiling water bath. The residue was removed by centrifugation 
and discarded. The supernatant fluid was neutralized with 
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NaOH solution and oentrifuged again to clarify the extract. 
The extract was stored at 3° C. 
Test procedure Serotype was determined with the pre­
cipitin test, using an agar-gel slide double-diffusion system 
similar to that described by Mansi (83). The procedure was as 
follows; Standard 25 by 75-n™* microscope slides, with a 
frosted marking area on one end, were used. A line was made 
with a wax pencil across each slide at the junction of the 
frosted and smooth portions. Three milliliters of melted agar-
gel diffusion medium were applied to the slide with a pipette. 
The medium was applied slowly, to prevent spilling over the 
edge of the slide or onto the marking area. The slides were 
left undisturbed on a level surface until the agar hardened, 
and were placed individually into covered petri plates. Wells, 
4 mm. in diameter, were cut in the agar with a cork borer, 
resharpened to form a bevel on the inside. Agar within the 
wells was removed with a micropipette connected to an aspirator 
1 pump. The distance between wells was 3 to 5 mm. The pattern 
of wells used for screening of isolates and testing the 
specificity of reference antigens usually consisted of six 
wells, containing antigens, arranged in a hexagonal pattern 
around a single central well containing typing serum. Other 
patterns were used for special purposes. Wells were charged 
1 
Gast Manufacturing Corp., Benton Harbor, Mich. 
3^ 
with appropriate antigens or serums and the slides were incu­
bated at room temperature in the covered petri plates. Reac­
tions were observed at 24 and 48 hours with the aid of a viewer 
equipped with oblique transmitted light and a magnifying glass. 
Testing of reference strains Immune rabbit serums 
prepared against each of the seven reference strains were 
tested with an acid extract of each strain in the agar-gel 
slide double-diffusion system. 
Testing of isolates An acetic acid extract pre­
pared from each isolate was tested with the seven typing 
serums. Each test in which a reaction was observed between a 
typing serum and the acid extract of an isolate was repeated, 
using the following procedure: An acid extract of the refer­
ence strain homologous to the typing serum was tested against 
the serum in a position adjacent to the acid extract of the 
isolate, in the agar-gel slide double-diffusion system. Deter­
mination of the serotype of an isolate was confirmed by examin­
ing the test for the presence of a reaction of identity 
(30, p. 69). Photographs of representative reactions of 
identity were made using the method of illumination described 
by Glazier (48). Isolates whose acid extracts did not react 




Isolates Obtained from Swine-Raising Premises 
Cultures of bacteria tentatively identified as E. rhusio-
pathiae were isolated from 212 of 6ll samples of soil, manure, 
or freshly voided feces from swine-raising premises. The 
number of samples collected and the number of isolates obtained 
from each farm are given in Tables 5 and 6. Each of the 212 
isolates was tentatively identified as E. rhusiopathiae on the 
basis of colonial and cellular morphology. In addition, each 
isolate produced H2S in triple-sugar iron agar with the appear­
ance described by Vickers and Bierer (1^6), and formed the 
"test tube brush" growth considered typical of E. rhusiopathiae 
(17) in nutrient gelatin at 20° C. 
Characterization of Isolates 
Biochemical tests 
Patterns of acid production from 20 fermentable carbon 
compounds by the 212 isolates are summarized in Table ?. Each 
isolate produced acid within 48 hours from dextrin, fructose, 
galactose, glucose, and maltose. The pattern of acid produc­
tion considered most characteristic of E. rhusiopathiae (see 
Table 3) was produced by 176 isolates. One isolate did not 
produce acid from lactose. Eight isolates produced acid from 
salicin and hydrolyzed esculin. Acid was produced from sucrose 
within 48 hours by 35 isolates. 
36 
Table 5« Number of samples collected and number of isolates 
obtained from farms on which swine erysipelas 
recently had been diagnosed 
Number Number of samples Number of isolates 
Name of of collected obtained 
farm visit Soil Manure Total Soil Manure Total 
I II I II I II 
Moville I 1 11 0 11 4 4 4 4 
2 13 0 13 10 7 10 7 
3 13 0 13 8 8 8 8 
Moville II 1 8 1 9 6 6 1 1 7 7 
2 8 0 8 3 2 3 2 
3 9 0 9 3 3 3 3 
Scranton 1 17 1 18 10 10 1 1 11 11 
2 26 1 27 17 13 1 1 18 14 
3 22 0 22 7 6 7 6 
Alleman 1 24 1 25 16 16 1 1 17 17 
2 24 0 24 2 2 2 2 
3 18 0 18 4 1 4 1 
Knoxville 1 20 2 22 5 3 1 1 6 4 
2 17 0 17 3 3 3 3 
Boone I 1 11 3 14 2 2 1 1 3 3 
2 12 2 14 0 0 0 0 0 0 
Rudd 1 25 0 25 9 6 9 6 
2 24 1 25 1 1 0 0 1 1 
Van Home 1 26 0 26 4 4 4 4 
2 24 0 24 0 0 0 0 
Massena 1 19 1 20 3 2 1 1 4 3 
2 19 1 20 1 0 0 0 1 0 
Slater I 1 21 3 24 11 9 3 1 14 10 
Slater II 1 25 0 25 2 0 2 0 
Totals 436 17 453 131 108 10 8 l4l 116 
I: number of isolates tentatively identified as E. rhu-
siopathiae; II; number of isolates positively Identified as 
E. rhusiopathiae. 
Table 6. Number of samples collected and number of isolates obtained from farms 
on which swine erysipelas had not been observed for at least five years 
Name of 
farm 
Number of samples 
collected 
Number of isolates 
obtained 
a 
Soil Manure Fecal Total 
droppings 
Soil Manure Fecal Total 
droppings 
I II I II I II I II 
Slater III 18 2 0 20 6 5 1 1 7 6 
Huxley 22 0 0 ' 22 6 3 6 3 
Ames I 18 0 0 18 14 13 14 13 
Kelley 6 7 0 13 2 2 7 2 9 4 
Ames II 21 0 3 24 18 15 1 1 19 16 
Maxwell 15 1 7 23 4 4 1 1 0 0 5 5 
Boone II 9 2 3 14 5 1 2 0 1 1 8 2 
I.S.U. 12 0 12 24 3 3 0 0 3 3 
Totals 121 12 25 158 58 46 11 4 2 2 71 52 
a. 
I; number of isolates tentatively identified as E. rhusiopathlae; II: number 
of isolates positively identified as E. rhusiopathiae. 
Table 7» Summary of patterns of acid production^ from fermentable carbon compounds 
and hydrolysis of esculin by 212 isolates from swine-raising premises 
0 0) 0) (U 
Number of ra 1—j m CO I—1 1—1 1—1 m 0 1—1 09 V, 0 a 0 m 0 (U 0 0 0) 0) 0 0 0 C3 a 0 <u 0 a " 
•H •P 0 •p m h -P a m Kl •P m 0 0 •H •P m H 0) •H l.SOJ.3,t/0S •H •H •p 0 0 0) •H «H 0 0 •H 0 •H g 0 •H 0 ce m H 
+3 0 0 cS g 0 CQ H +3 +3 a M «M g •H rO h 43 0 0 d M r-j 0 H 0 >» 0 0 H 0 «M o5 iH A 0 0) 1—i 0 A <u 0 h Oj rH H a a csj aS c8 as câ si CÔ 0 0 f-< >s ra 
< A P tu CiJ CiJ H H S s S « m CO CO CO EH X M 
176 - + - + + + - - - + + - - - - - - - -
23 - + - + + + - - - + + - S - - - - + - - -
5 - + - + + + - - - S® + - s - - - - + - - -
3 - + - + + + - - - S + - s - - + - + - - + 
3 - + - + + + - - - + + - s - - + - + - - + 
1 - + - + + + - - - - + - s - - + - + - - + 
1 - + - + + + - - - + + - s - - + - + - - + 
®'+ = acid reaction within 48 hours; - = no acid reaction within 48 hours. 
= hydrolysis of esculin within 48 hours; - = no hydrolysis of esculin. 
= slow acid reaction (5 to 21 days) or no acid reaction. 
= slight acid reaction in 4 to 5 days. 
= slow acid reaction (5 to 6 days). 
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All isolates produced either a very slight acid reaction 
or no change in litmus milk. None of the isolates produced 
catalase. 
Pathogenicity for animals 
Mouse-protection test Six isolates did not induce a 
visible reaction in mice. Each of the remaining 206 isolates 
caused illness and death of mice that were given injections of 
culture without concomitant hyperimmune anti-erysipelothrix 
horse serum. A summary of the results of tests for protection 
of mice by immune serum is given in Table 8. Mice were pro­
tected from 168 isolates by 0.3 ml. of immune serum, which is 
the effect considered most characteristic if the culture being 
tested is E. rhusiopathiae (122, 159)• Mice were incompletely 
protected or were not protected against 38 isolates by 0.3 ml. 
of serum. An increase in the degree of protection against 28 
isolates was observed when the dose of immune serum was 
increased from 0.3 ml. to 0.6 ml. 
Pathogenicity for swine Urticarious lesions were 
induced in susceptible swine by cultures of 16O isolates 
injected intradermally. Severity of the urticarious lesions 
varied. The most severe lesions had intense erythema, some­
times with a dark area of hemorrhage at the center, accompanied 
by pronounced circumscribed swelling (Pigs. 1, 4). The mildest 
lesions had slight erythema, sometimes scarcely visible, and 
relatively little swelling (Figs. 3. 5. 6). Some lesions 
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Table 8. Summary of results of tests for protection of mice 
against 206 pathogenic isolates by commercial 




0.3 ml. of 
serum 
(No. of isolates) 
0.6 ml. of 
serum 
(No. of isolates) 




Not protected^ 25 7 
^All 4 mice survived exposure to culture of the isolate 
for at least l4 days. 
^One to 3 mice died within 14 days after exposure to 
culture of the isolate. 
°A11 4 mice died within 14 days after exposure to cul­
ture of the isolate. 
assumed the rhomboid shape characteristic of swine erysipelas 
(Figs. 2, 7), and others were irregular in shape (Figs. 1, 4). 
Many lesions tended to spread rapidly outward from the center, 
sometimes forming a ring of erythema and swelling surrounding 
the site of injection (Figs. 1, 8). Lesions became most pro­
nounced 24 to 48 hours after injection of cultures. After 48 
hours, some lesions began to disappear, while others continued 
to spread outward from the site of injection until they lost 
their discrete character and blended with neighboring lesions. 
Any urticarious lesion that developed beyond the intradermal 
injection sufficiently to be visible and palpable within 
Fig. 1. Local urticarious lesions induced in a pig by cul­
tures of E. rhusiopathiae isolated from soil of 
swine-raising premises. The injection sites, 
located above the black dots, are numbered from 
left to right: upper row, 1-5; lower row, 6-10. 
Lesions at sites 1 and 10 are examples of the most 
severe lesions induced. Note the areas of hemor­
rhage in the skin at sites 1, 3. 4, 8, and 10, 
the irregular shape of the lesion at site 1, and 
the ring of erythema at site 5* The lesion at 
site 2 is receding. Right side; photographed 48 
hours after exposure 
Fig. 2. Local urticarious lesions induced in a pig by cul­
tures of E, rhusiopathiae isolated from soil of 
swine-raising premises. Injection sites are 
numbered as described in Fig. 1. Note the rec­
tangular to rhomboid shapes of the lesions at sites 
1, 2, 6, and 10. The lesion at site 10 was induced 
by the control strain, HC-585. Reactions at sites 
7, 8, and 9 are negative. Same pig as shown in 
Fig. 1; left side. Photographed 48 hours after 
exposure 
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Fig. 3* Local urticarious lesions induced in a pig by cul­
tures of E. rhusiopathiae isolated from soil of 
swine-raising premises. Injection sites are 
numbered as described in Fig. 1. The lesion at 
site 5 is an example of the mildest lesions induced. 
A similar lesion was present at site 4, but it is 
difficult to see in this photograph. Reactions at 
the other 8 sites are negative; the small erythe­
matous spots were caused by the trauma of intra­
dermal injection. Right side; photographed 2^1-
hours after exposure 
Fig. 4. Local urticarious lesions induced in a pig by 
cultures of E. rhusiopathiae isolated from soil 
of swine-raising premises. Injection sites are 
numbered as described in Fig. 1. Note the irregu­
lar shape of the lesion at site 3 and the variation 
in severity of the lesions at sites 1, 3. and 7» 
The lesion at site 10 was induced by the control 
strain, HC-585. Reactions at sites 2, 4, 5» 6, 8, 
and 9 are negative. Same pig as shown in Fig. 3; 
left side. Photographed 2% hours after exposure 
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Fig. 5' Local urticarious lesions induced in a pig by cul­
tures of E. rhusiopathiae isolated from soil of 
swine-raising premises. Injection sites are 
numbered as described in Fig. 1. The lesions at 
sites 1, 2, and 10 are examples of the mildest 
lesions induced; the lesions at sites 1 and 2 are 
difficult to see in this photograph. Reactions 
at sites 3 through 9 are negative. The small 
raised spot in the skin above and to the right of 
the black dot at site 8 was present before the 
injections were made, and is not related to the 
experimental lesions. Right side; photographed 
24 hours after exposure 
Fig. 6. Same pig as shown in Fig, 5; right side; 48 hours 
after exposure. The lesion at site 1 has disap­
peared, and the lesion at site 2 has spread to 
form an area of very pale erythema. The lesion 
at site 10 is receding, but still visible 
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mm## 
Pig. 7* Local urticarious lesions induced in a pig by cul­
tures of E. rhusiopathiae isolated from soil of 
swine-raising premises. Injection sites are 
numbered from left to right: upper row, 1-4; lower 
row, 5-8. Note the rhomboid shape of the lesion 
at site 1. The lesion at site 8 was induced by the 
control strain, HC-585. Reactions at sites 2, 4, 
5. and 6 are negative. Left side; photographed 
48 hours after exposuxe 
Fig. 8. Local urticarious lesions induced in a pig by cul­
tures of E. rhusiopathiae Isolated from soil of 
swine-raising premises. Injection sites are 
numbered as described in Pig. 1. Note the ring of 
erythema at site 5» and the very pale erythema at 
site 6. The lesion at site 10 was induced by the 
control strain, HC-585. Reactions at sites 1, 3» 
7, 8, and 9 are negative. Left side; photographed 
48 hours after exposure 
48 
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48 hours was measured, and the isolate that induced the lesion 
was recorded as pathogenic for swine. Width of the lesions 
varied from 13 to 60 mm. Examples of the mildest lesions 
recorded as positive are shown in Figs. 3 and 5-
The control strain of E, rhusiopathiae of established 
virulence (strain HC-5B5) induced a local urticarious lesion 
on each pig. Examples of the lesions induced by this strain 
are shown in Pigs. 2, 4, 7, and 8. 
Fifty-two isolates did not induce detectable urticarious 
lesions and were recorded as nonpathogenic for swine. Examples 
of negative reactions are shown in Figs. 2, 3, 4, 5» 7» and 8. 
Staining with fluorescent antibody 
One hundred sixty-seven of the 212 isolates reacted with 
fluorescent conjugate prepared from commercial anti-erysipe-
1 lothrix horse serum. 
Serologic typing 
Characterization of reference strains 
Growth and biochemical characteristics Each of 
the seven reference strains used for determination of serotype 
had colonial and cellular morphology typical of E. rhusio­
pathiae (122, 159). In addition, each strain produced H2S in 
1 
Data furnished by Dr. Rube Harrington and Mr. Donald C. 
Hulse, Diagnostic Services, Animal Health Division, A.R.S., 
U.S.D.A., National Animal Disease Laboratory, Ames, Iowa. 
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triple-sugar iron agar and formed the "test tube brush" growth 
considered typical of E, rhusiopathiae in nutrient gelatin 
stabs at 20° C. The results of tests to determine acid pro­
duction from 20 fermentable carbon compounds and hydrolysis of 
esculin are given in Table 9- Two strains had biochemical 
characteristics different from those considered typical of E. 
rhusiopathiae; strain Wittling El produced acid from sucrose 
within 48 hours; strain Poland produced acid from salicin and 
hydrolyzed esculin. 
Pathogenicity in animals Results of mouse-pro­
tection tests and tests for pathogenicity in swine of the seven 
reference strains are given in Table 10. Mice were incom­
pletely protected from strain Wittling El and were not pro­
tected from strain Poland by 0.3 ml. of hyperimmune anti-
erysipelothrix horse serum. A dose of 0.6 ml. of serum 
protected mice from strain Wittling El and gave incomplete pro­
tection against strain Poland. Strain Doggerschabe was not 
pathogenic for mice. Strains Wittling El, Doggerschabe, and 
Poland were not pathogenic for swine. 
Staining with fluorescent antibody Strains 
Wittling El, Doggerschabe, Poland, and VI-12-8 did not react 
with fluorescent conjugate prepared from commercial hyperimmune 
anti-erysipelothrix horse serum (Table 10).^ 
1 
Data furnished by Dr. Rube Harrington and Mr. Donald C. 
Hulse, Diagnostic Services, Animal Health Division, A.H.S., 
U.S.D.A., National Animal Disease Laboratory, Ames, Iowa. 
Table 9« Acid production from fermentable carbon compounds and hydrolysis of 
esculin by seven reference strains of E. rhusiopathiae used for deter 
mination of serotype 
Strain Sero­
type 
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HC-585 A — + - + + 4" — — - + + — s® _ 1 1 — — 
8-192 B — + — -h + — + 4" — s -
- - - ± -
— — 
Wittling El C - + — 4. + — + + - e - - - + - — — 
Doggerschabe D - + - + + + — — - + + — S -
" - - ± -
— — 
Kaparek E - + - + + 4" — — — 4" 4- - S — 
- - - ± -
— — 
VI-12-8 G — 4" — -f* + — — - + + — s - - - - + - — — 
Poland P — + - + + + - - » -f. 4- — s - _ + . . . — 4" 
a 
+ = acid reaction within 48 hours; - = no acid reaction within 48 hours. 
+ = hydrolysis of esculin within 48 hours; - = no hydrolysis of esculin. 
'S = slow acid reaction (5 to l4 days). 
= slight acid reaction in 4 to 5 days. 
'Acid was not produced in 21 days. 
Table 10. Mouse-protection tests, pathogenicity for swine, and staining with 
fluorescent antibody of seven reference strains of E. rhusiopathlae 
used for determination of serotype 
Strain Sero- Mouse-protection test^ Pathogenicity Staining with 
type Pathogenicity 0.3 ml. 0,6 ml. for swine fluorescent 
for mice of serum of serum antibody" 
HC-585 A Pathogenic P Pathogenic + 
8-192 B Pathogenic P N Pathogenic + 
Wittling El C Pathogenic IP P N onpa thogenic -
Doggerschabe D N onpa thogenic N N N onpathogenic -
Kaparek E Pathogenic P N Pathogenic + 
VI-12-8 G Pathogenic P N Pathogenic -
Poland P Pathogenic NP IP Nonpathogenic -
^P = protected; IP = incompletely protected; NP = not protected (see Table 8). 
= positive reaction; - = negative reaction. 
= test not applicable. 
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Specificity of serotypes The results of pre­
cipitin tests between immune rabbit serums prepared against 
each of the seven reference strains and an acid extract of each 
strain are given in Table 11. The typing serums reacted 
specifically with their respective homologous acid extracts. 
Serotyplng of isolates A summary of the serotypes of 
isolates tentatively identified as E, rhusiopathiae is given 
in Table 12. Of 212 isolates, 24.5^ were of serotype A, 37*3% 
of serotype B, 0,9^ of serotype C, 2,8% of serotype D, of 
serotype E, 0.5^ of serotype G, 2,8% of serotype P, and 28.8% 
of undetermined serotype. Examples of reactions of identity 
between isolates and reference strains representing each of the 
seven serotypes are shown in Figs. 9 through 15. Occasionally 
a reaction was observed which did not join with any homologous 
system in a reaction of identity. Such reactions were con­
sidered nonspecific, and the serotype of the isolate was 
recorded as undetermined. 
Division of isolates into groups 
The 212 isolates obtained from swine-raising premises were 
divided into 11 groups based on five characteristics (Table 13)• 
The l68 isolates included in Groups I through IV were posi­
tively identified as E. rhusiopathiae on the basis of their 
characteristics, which were consistent with those considered 
typical of the species (17, 65, 122, 159). Although the 44 
isolates included in Groups V through XI closely resembled the 
Table 11. Results of precipitin tests between immune rabbit serums prepared 
against seven reference strains of E. rhusiopathiae used for deter­
mination of serotype and an acetic acid extract of each strain 



















































= precipitin reaction; - = no precipitin reaction. 
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Table 12. Summary of Isolations of serotypes of E. rhusio-
pathiae from swine-raising premises 
Serotype Number of isolates 
Tentatively Positively 
identified identified 
as E. Per as E. Per 
rhusiopathiae cent rhusiopathiae cent 
A 52 24.5 52 31.0 
B 79 37.3 79 47.0 
C 2 0.9 2 1.2 




E 5 2.4 5 3.0 
G 1 0.5 1 0.6 
P 6 2.8 1 0.6 
Undeter­
mined 
61 28.8 28 16.6 
Total 212 100.0 168 100.0 
species in several respects, including morphologic, growth, 
and most biochemical characteristics, they could not be posi­
tively identified as E. rhusiopathiae. 
From each farm, the number of isolates tentatively iden­
tified and the number positively identified as E, rhusiopathiae 
are given in Tables 5 and 6. Of the l68 isolates positively 
identified as E. rhusiopathiae, ll6 were obtained from farms on 
which swine erysipelas recently had been diagnosed (Table 5), 
Fig. 9. Representative reactions of identity with serotype 
A of E. rhusiopathiae, in the agar-gel slide 
double-diffusion system. Magnified 3% 
Reactants: 
S; Typing serum (rabbit) prepared against 
reference strain HC-585 (serotype A) 
1: Acetic acid extract of strain HC-585 
2, 3 : Acetic acid extracts of isolates from 
two farms (2: Massena; 3: Moville I) 
Fig. 10. Representative reactions of identity with serotype 
B of E. rhusiopathiae, in the agar-gel slide 
double-diffusion system. Magnified 3X 
Reactants: 
S: Typing serum (rabbit) prepared against 
reference strain S-192 (serotype B) 
1: Acetic acid extract of strain S-192 
2, 3: Acetic acid extracts of two isolates 
from Alleman (2: visit No. 2; 3: visit 
No. 1) 

Fig. 11. Representative reaction of identity with serotype 
C of E. rhusiopathiae. in the agar-gel slide 
double-diffusion system. Magnified 3X 
Reactants: 
S; Typing serum (rabbit) prepared against 
reference strain Wittling El (serotype C) 
1; Acetic acid extract (diluted 1:4) of 
strain Wittling El 
2: Acetic acid extract of an isolate from 
Van Home 
Fig. 12. Representative reactions of identity with serotype 
D of E, rhusiopathiae. in the agar-gel slide 
double-diffusion system. Magnified JX 
Reactants; 
S: Typing serum (rabbit) prepared against 
reference strain Doggerschabe (sero­
type D) 
1 : Acetic acid extract of strain Dogger­
schabe 
2, 3: Acetic acid extracts of isolates from 
two farms (2; Scranton; 3: Rudd) 
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Fig. 1 3 -  Representative reaction of identity with serotype 
E of E, rhusiopathiae, in the agar-gel slide 
double diffusion system. Magnified 3X 
Reactants: 
S; Typing serum (rabbit) prepared against 
reference strain Kaparek (serotype E) 
1; Acetic acid extract of strain Kaparek 
2: Acetic acid extract of an isolate 
from Kelley 
Fig. 14. Reaction of identity with serotype G of E. 
rhusiopathiae, in the agar-gel slide double-
diffusion system. Magnified 3X 
Reactants; 
S; Typing serum (rabbit) prepared against 
reference strain VI-12-8 (serotype G) 
1: Acetic acid extract (diluted 1:2) of 
strain VI-12-8 
2: Acetic acid extract of the one isolate 
of serotype G, from Maxwell 

Fig. 15. Representative reactions of identity with serotype 
P of E, rhusiopathiae, in the agar-gel slide 
double-diffusion system. Magnified 3X 
Reactants; 
S: Typing serum (rabbit) prepared against 
reference strain Poland (serotype P) 
1; Acetic acid extract of strain Poland 
(3 wells) 
2, 3. 4: Acetic acid extracts of isolates 
from three farms (2: Moville II; 
3: Slater I; 4: Rudd). The extract in 
well No. k is from the one isolate of 
serotype P that was positively iden­
tified as E. rhusiopathiae (see 
Table 14) 

Table 13- Division of the 212 isolates obtained from swine-raising premises into 
groups, based on five characteristics 
Group No, of Biochemical reactions Pathogenicity for animals Staining 
Isolates Pattern of Hydrolysis Mouse- Pathogenicity with fluor-
acid of , protection for swine escent , 
production esculln test antibody 
I 160 Typical^ Pathogenic, P Pathogenic + 
II 5 Typical Pathogenic, P Nonpathogenic + 
III 2 Typical Nonpathogenic Nonpathogenic + 
IV 1 Typical Pathogenic, P N onpa th ogenic -
V 7 Typical Pathogenic, NP Nonpathogenic -
VI 1 Typical Nonpathogenlc Nonpathogenic -
VII 2 Not typical® Pathogenic, P N onpa thogenlc — 
^Acid production from 20 fermentable carbon compounds (see Table 3). 
= positive reaction; - = negative reaction. 
°P = protected; IP = incompletely protected; KP = not protected (0.3 ml. of 
hyperimmune anti-erysipelothrix horse serum; see Table 8). 
^Typical = pattern was typical of E. rhuslopathiae (157, 159) as given in 
Table 3-
®Not typical = pattern differed from that given in Table 3. 
Table 13. (Continued) 
Group No. of Biochemical reactions Pathogenicity for animals Staining 
isolates Pattern of Hydrolysis Mouse- Pathogenicity with fluor-
acid ^ of ^ protection for swine escent , 
production esculin test antibody 
VIII 24 Not typical - Pathogenic, N onpath ogenic 
NP or IP 
IX 2 Not typical - Nonpathogenic Nonpathogenlc 
X 7 Not typical + Pathogenic, Nonpathogenic 
NP or IP 
XI 1 Not typical + Nonpathogenic Nonpathogenic 
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and 52 were obtained from farms on which the disease had not 
been observed for at least five years (Table 6). 
Distribution of isolates among farms 
The 168 isolates positively identified as E. rhusiopathiae 
were obtained from I8 farms. The distribution of the isolates 
among the farms is given in Table 14. The 44 isolates not 
positively identified as E. rhusiopathiae were obtained from 
15 farms. The distribution among the farms is given in 
Table 15. 
The 160 isolates pathogenic for swine, all positively 
identified as E. rhusiopathiae. were obtained from I8 farms. 
The distribution of the isolates among the farms is given in 
Table I6. Fifty-two isolates that were not pathogenic for 
swine were obtained from 16 farms. The distribution among the 
farms is given in Table 17. Eight of these isolates were 
positively identified as E. rhusiopathiae. 
Serotypes of isolates identified as E. rhusiopathiae 
A summary of the serotypes of isolates positively identi­
fied as E. rhusiopathiae is given in Table 12. Of 168 isolates, 
31.0^ were of serotype A, 47.0^ of serotype B, of serotype 
C, 3.0^ of serotype E, 0.6^ each of serotypes G and P, and 
16.6^ of undetermined serotype. 
All isolates of serotypes A, B, C, E, and G, one isolate 
of serotype P, and 28 of undetermined serotype were positively 
identified as E. rhusiopathiae. None of the six isolates that 
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Table 14-. Numbers and serotypes of isolates positively iden­
tified as E. rhusiopathiae. from each farm 
Name of Number of Serotypes 
farm isolates A B C D E G P Undetermined 
History of 
erysipelas : 
Moville I 19 2 17 
Moville II 12 7 3 2 
Scranton 31 17 8 1 5 
Alleman 20 3 15 1 1 
Knoxville 7 5 2 
Boone I 3 2 1 
Rudd 7 4 1 2 
Van Home 4 1 1 1 1 
Massena 3 1 1 1 
Slater I 10 7 1 2 
Slater II 0 
No history of 
erysipelas; 
Slater III 6 2 2 1 1 
Huxley 3 1 2 
Ames I 13 3 1 9 
Kelley 4 3 1 
Ames II 16 15 1 
Maxwell 5 1 1 3 
Boone II 2 1 1 
I.S.U. 3 2 1 
Totals 168 52 79 2 0 5 11 28 
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Table 15» Numbers and serotype reactions of isolates not 
positively identified as E. rhusiopathlae. from 
each farm 
Name of Number of Serotype reactions 
farm isolates A B C D E G P Undetermined 
History of 
erysipelas ; 
Woville I 3 3 
Moville II 1 1 
Scranton 5 2 3 
Alleman 3 1 2 
Khoxville 2 2 
Boone I 0 
Rudd 3 2 1 
Van Home 0 
Wassena 2 2 
Slater I l\- 1 1 2 
Slater II 2 2 
No history of 
erysipelas; 
Slater III 1 1 
Huxley 3 1 1 1 
Ames I 1 1 
Kelley 5 5 
Ames II 3 1 2 
Maxwell 0 
Boone II 6 6 
I.S.U. 0 
Totals kk 0 0 0 6 0 0 5  33 
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Table l6. Numbers and serotypes of isolates of E. rhusio-
pathiae pathogenic for swine, from each farm 
Name of Number of Serotypes , 
farm isolates A B C D E G P Undetermined 
History of 
erysipelas ; 
Moville I 19 2 17 
Moville II 12 7 3 2 
Scranton 28 16 8 4 
Alleman 19 2 15 1 1 
Knoxville 7 5 2 
Boone I 2 2 
Rudd 6 3 1 2 
Van Home 4 1 1 1 1 
Massena 2 1 1 
Slater I 10 7 1 2 
Slater II 0 
No history of 
erysipelas ; 
Slater III 5 2 2 1 
Huxley 3 1 2 
Ames I 13 3 1 9 
Kelley 4 3 1 
Ames II 16 15 1 
Maxwell 5 1 1 3 
Boone II 2 1 1 
I.S.U. 3 2 1 
Totals 160 50 78 1 0 4 11 25 
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Table 17• Numbers and serotype reactions of isolates not 
pathogenic for swine, from each farm 
Name of Number of Serotype reactions 
farm isolates A B C D E G P Undetermined 
History of 
erysipelas ; 
Moville I 3 3 
Moville II 1 1 
Scranton 8 1 1 2 4 
Alleman 4 1 1 2 
Knoxville 2 2 
Boone I 1 1 
Rudd 4 1 2 1 
Van Home 0 
Massena 3 3 
Slater I 4 1 1 2 
Slater II 2 2 
No history of 
erysipelas ; 
Slater III 2 2 
Huxley 3 1 1 1 
Ames I 1 1 
Kelley 5 5 
Ames II 3 1 2 
Maxwell 0 
Boone II 6 6 
I.S.U. 0 
Totals 52 2 1 1 6 1 0 5  3 6  
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reacted with anti-type D serum could be positively identified 
as E. rhusiopathiae, nor were five of the isolates that reacted 
with anti-type P serum or 33 of undetermined serotype. 
Distribution of serotypes among farms 
The distribution, among 18 farms, of serotypes of isolates 
positively identified as E. rhusiopathiae is given in Table 14. 
Isolates of serotype A were found on 14 farms, serotype B on 
l6 farms, serotype C on 2 farms, serotype E on 5 farms, sero­
types G and P on one farm each, and undetermined serotype on 
11 farms. Three serotypes were found on each of k farms, and 
2 serotypes were found on each of 13 farms. The distribution, 
among 15 farms, of serotype reactions of isolates that were not 
positively identified as E. rhusiopathiae is given in Table 15. 
Isolates that reacted with anti-type D serum were found on 4 
farms, isolates that reacted with anti-type P serum were found 
on 5 farms, and isolates of undetermined serotype were found 
on 14 farms. 
The distribution, among 18 farms, of serotypes of isolates 
of E. rhusiopathiae pathogenic for swine is given in Table l6. 
Isolates of serotype A were found on l4 farms, serotype B on 
16 farms, serotypes C, G, and P on one farm each, serotype E on 
4 farms, and undetermined serotype on 9 farms. The distribu­
tion, among l6 farms, of serotype reactions of isolates that 
were not pathogenic for swine is given in Table 17. Isolates 
of serotype A were found on 2 farms, and isolates of serotypes 
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B, C, and E on one farm each. Isolates that reacted with anti­
type D serum were found on 4 farms, isolates that reacted with 
anti-type P serum were found on 5 farms, and isolates of unde­
termined serotype were found on farms. The 8 isolates 
positively identified as E. rhusiopathiae that were nonpatho­
genic for swine included 2 isolates of serotype A, one each of 
serotypes B, C, and E, and 3 of undetermined serotype. 
Sources of isolates of E. rhusiopathiae within premises 
The numbers of soil samples collected from different types 
of areas within swine pens and pastures, and the numbers of 
these samples from which E. rhusiopathiae were isolated, are 
given in Table l8. Bacteria positively identified as E. 
rhusiopathiae were found in 27.1^ of soil samples collected 
from areas in which swine tended to congregate, in 48.6^^ of 
soil samples collected from areas receiving drainage from feed­
ing pens or farrowing houses, and in 20,0% of soil samples 
collected from areas of pens where swine did not tend to con­
gregate. Erysipelothrix rhusiopathiae was not found in any 
soil samples collected from open areas of swine pastures. 
Characteristics of isolates from manure and fecal drop-pings 
Twenty-one of the 212 isolates from swine-raising premises 
were obtained from samples of manure taken from inside build­
ings and on outdoor concrete slabs. Twelve of the 21 isolates 
were positively identified as E. rhusiopathiae• Six of these 
isolates were of serotype A, 2 of B, one of E, one of G, and 
Table 18. Nimber of isolates positively identified as E. rhusiopathiae from soil 
samples of different types of areas within swine pens and pastures 





Per cent of soil 
samples from which 
E. rhusiopathiae 
were isolated 
Areas in which swine tended 
to congregate; 
Vicinity of feeders, waterers 
Vicinity of shelters, sheds, 
farrowing huts 
Wallows, mud holes ^ 









Total from areas of congregation 395 107 27.1 
Areas receiving drainage from 
concrete floors of feeding 
pens or farrowing houses 
74- 36 48.6 
Open areas of swine pens, where 
less congregation occurs 
55 11 20.0 
Open areas of swine pastures 33 0 0.0 
^Gateways, shady resting places, crowded pens. 
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2 of undetermined serotype. Ten of the 12 isolates were patho­
genic for swine. 
Two isolates were obtained from samples of freshly voided 
fecal droppings. These 2 isolates were positively identified 
as E. rhusiopathiae, were pathogenic for swine, and were of 
serotype B. The isolates from fecal droppings came from two 
different farms (Table 6), neither of which had a known history 
of swine erysipelas. 
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PART II. SURVIVAL OF E. RHUSIOPATHIAE 
IN SOIL UNDER VARIOUS CONDITIONS 
76 
MATERIALS AND METHODS 
Materials 
Stock soil 
A supply of soil for use in the preparation of experi­
mental soils was collected, prepared, and stored by the follow­
ing procedure. 
Collection of soil Soil was obtained from the unused 
portion of a 50-acre plot designated for use as a sanitary 
landfill at the National Animal Disease Laboratory, Ames, Iowa. 
The area from which soil was obtained had not been amended 
since I96I, and was last tilled in I962, when it was planted 
with a mixture of grasses and legumes. A quantity of soil was 
taken in June, 1969» from a single location in the plot, leav­
ing an excavation 24 inches in length by 18 inches in width by 
6 inches in depth. 
Preparation and storage of soil The soil was passed 
through a sieve of ^-inch mesh, then passed through a sieve of 
1 2-mm. mesh, and mixed thoroughly on a large plastic sheet. 
The sieved and mixed soil was stored at 3° C. in a tightly 
closed 24-gallon garbage can, which was lined with a double 
layer of polyethylene bags. This preparation was designated 
stock soil. 
^No. 10, U.S. standard series. 
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Physical and chemical analyses of stock soil Moisture 
content, field capacity, hydrogen-ion activity, particle size 
distribution (texture), and organic carbon content of the stock 
soil were determined. The results are given in Table 19. 
Methods of analyses were as follows; 
Moisture content Moisture content was determined 
from four replicates by gravimetry with oven drying at 110° C., 
as described by Gardner (43). Sample size was approximately 
1 10 Gm., drying time was 72 hours, and aluminum weighing pans 
with tight-fitting lids were used. Weights were determined 
2 
with an analytical balance. 
Field capacity Field capacity (FC) was determined 
in duplicate, using the method described by Troeh and Palmer 
(138, p. 27). 
Hydrogen-ion activity Soil pH was determined in 
3 
water with a glass-electrode pH meter. The method described 
by Peech (105) was used, except that the soil-water ratio was 
1:2.5 instead of 1:1. Determinations were made in four repli­
cates. 
Particle size distribution Particle size distri­
bution was determined in duplicate by a pipette method similar 
1 
Aluminum moisture box, 3 inches by 1 inch, Soiltest, 
Inc., Evanston, 111. 
2 Model B6, Mettler Instrument Corp., Princeton, N.J. 
3 Zeromatic model 96, Beckman Instruments, Inc., 
Fullerton, Calif. 
Table 19* Results of tests to determine some physical and chemical properties 
of stock soil 
Test Result Test Result 
Moisture content 
Field capacity (PC) 
PH 















Mean of values from four replicates; all other values are means from 
duplicate samples. 
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to that described by Day (33)f except that filtration and 
sieving were omitted. Sodium oxalate was used as the dispers­
ing agent. Textural classification was determined according 
to the triangular chart (18, p. 4$) devised by the United 
States Department of Agriculture. 
Organic carbon content Organic carbon content was 
determined in duplicate by the wet combustion method described 
by Mebius (86). 
Examination of stock soil for E. rhusiopathiae The 
stock soil was examined culturally for the presence of indig­
enous E, rhusiopathiae. Five 100-Gm. portions were examined 
as described under Cultural Examination of Samples in PART I. 
Erysipelothrix rhusiopathiae was not found. 
Media and solutions 
Beef infusion broth and agar. Packer's medium, triple-
sugar iron agar, nutrient gelatin, Andrade's base for ferment­
able carbon compounds, litmus milk, and 0.1 M phosphate buffer 
solution have been described in PART I, under Cultural Examina­
tion of Samples and under Characterization of Isolates. 
Selective liquid medium A broth base was prepared, 
containing 3.0 Gm. of beef extract, 15.0 Gm. of tryptose, and 
5.0 Gm. of NaCl/900 ml. of 0.1 M phosphate buffer solution. 
The broth was filtered through No. 2 Whatman filter paper and 
sterilized by autoclaving at 121° C. for 15 minutes. After 
cooling, 400 mg. of kanamycin, 50 mg. of neomycin, 25 mg. of 
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vancomycin, and 20 ml. of sterile horse serum were added asep-
tically to each 880 ml. of broth. The medium was mixed, 
dispensed aseptically in measured amounts into sterile tubes 
(9 ml.) or bottles (90 ml.), and stored at 3° C. The pH of the 
medium was 7.4. Medium not used within 4 weeks was discarded. 
Peptone solution A solution of 0.1% Bacto-peptone was 
prepared in distilled water, autoclaved at 121° C, for 15 
minutes, and stored at 3° C. The pH range was 6.8 to y.O. 
Strains of E. rhusiopathiae used in experiments 
A smooth strain of lyophilized E. rhusiopathiae, virulent 
in swine, was used in all experiments to determine survival of 
the organism. This strain, identified as E1-6P (l60), sero­
type A, was obtained from the stock culture collection at the 
National Animal Disease Laboratory, Ames, Iowa. 
Two additional strains of lyophilized E. rhusiopathiae 
were used in one experiment. These strains, identified as 124 
and 153. were isolates from soil samples from swine pens of 
two. farms described in PART I. Strain 124 (serotype undeter­
mined) was isolated from the farm identified as Ames I, and 
strain 153 (serotype B) was isolated from the farm identified 
as Ames II (Table 6). Both strains were pathogenic for swine. 
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Method of Procedure 
Experiments were conducted to determine the survival of 
E. rhusiopathiae in soil under various conditions of tempera­
ture, moisture content, hydrogen-ion activity, and organic 
matter content. The general procedure of each experiment con­
sisted of preparation of experimental soils, preparation of 
subsamples, pre-incubation of soils, inoculation with a culture 
of E. rhusiopathiae, and enumeration of viable E. rhusiopathiae 
in the soils immediately after inoculation and at specific time 
intervals thereafter, until the organism was no longer detected. 
During experiments, the inoculated soils were maintained in an 
environment of humid air and constant temperature. 
General methods 
The following methods of procedure were similar, when 
applicable, in all experiments. 
Preparation of experimental soils Moisture content, 
pH, and organic matter content of stock soil were altered as 
needed for specific experiments. These properties then were 
determined quantitatively in the experimental soils, using the 
methods given under Physical and chemical analyses of stock 
soil. Alterations of soil properties were carried out by the 
following methods: 
Alteration of moisture content Moisture content 
of stock soil was increased by adding calculated volumes of 
distilled water or various aqueous solutions and mixing the 
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soil thoroughly. The amount of liquid to be added later as 
inoculum of E. rhusiopathiae was taken into consideration in 
this calculation. Moisture content was decreased by air-drying 
the soil to the desired moisture level at room temperature in a 
cake pan covered with cheesecloth. 
Alteration of pH Acidity of stock soil was 
increased by adding 2.0 N HCl. Alkalinity was increased by 
adding 2.0 N Na2CO|2 solution. The soil was mixed thoroughly 
after acid or base was added. 
Alteration of organic matter content Organic 
matter content of stock soil was increased by the following 
procedure: Feces from specific-pathogen-free pigs were com­
bined with stock soil in approximately equal quantities in a 
large stainless steel pan. Sufficient distilled water was 
added to make a thick, pasty preparation, which was mixed 
thoroughly with a hand potato masher. The mixture was kept 
covered with damp cheesecloth and incubated at room temperature 
for 8 weeks. During incubation, the preparation was mixed 
daily with the potato masher. At the end of 8 weeks, the 
preparation (approximately 10 Kg.) was stored in a covered 
stainless steel pan at 3° C. 
Preparation of subsamples Pre-measured subsamples of 
' experimental soils were used in all experiments to determine 
survival of E. rhusiopathiae. Each subsample consisted of a 
weighed portion of the experimental soil, calculated to repre­
sent 10 Gm. of the soil on a dry-weight basis. The subsamples 
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were placed in individual sterile one-ounce glass jars, which 
were 1 5/8 inches in height and 1 5/8 inches in diameter, and 
had an opening 1 1/4 inches in diameter. Subsamples that had 
a moisture content of less than PC were compacted by tapping 
the bottom of the jar a few times on a table top. Subsamples 
containing moisture in excess of PC were compacted by pressing 
the soil into the bottom of the jar with' the base of a sterile 
10-ml. Erlenmeyer flask. Screw caps were placed on the jars 
during preparation of subsamples, to prevent drying of the 
soil. 
Control of atmosphere During experiments in which the 
soil was incubated at 12° C. or above, the atmosphere over the 
subsamples was exchanged continuously by the following pro­
cedure; The subsamples, with caps removed, were kept in humid 
chambers consisting of one-gallon glass wide-mouth jars con­
taining water to a depth of 2 inches, and covered with metal 
screw-type lids (Fig. l6). The subsamples were stacked in 2 or 
3 tiers above the water in the chamber, with a maximum of 20 
subsamples/chamber. The tiers were separated by wire mesh and 
the subsamples in each tier were staggered in relation to the 
ones below, to permit free access of air to each subsample. 
Atmospheric air, saturated with water, was passed continuously 
through the glass chambers at a rate of flow through each 
1 
chamber of approximately 225 cubic cm./minute. The air was 
Bate of flow was measured by timing the displacement of 
water in an inverted 250-ml. glass graduated cylinder, and was 
the over-all mean of determinations taken at each chamber 
three different times. 
Fig. 16. Humid chambers used for incubation of subsamples 
of soil. The chambers, consisting of one-gallon 
glass jars, were kept in refrigerated incubators. 
Humid air was brought into each incubator (dark 
vertical tubing, far right) and distributed to 
the chambers. An individual needle valve regu­
lated the flow of air into each chamber 
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obtained from a pipeline of compressed air in the laboratory, 
and was saturated by passage, via a regulator, through two 
successive columns of distilled water, each 30 cm. in height. 
The saturated air was distributed to the chambers through a 
system of tubing (Fig. l6), and the flow of air into each 
1 
chamber was regulated with a needle valve. The air entered 
each chamber through rubber tubing inserted through a hole 
9/32 inch in diameter in the center of the metal lid, and con­
tinued through a glass tube that had its outlet under the 
surface of the water at the bottom of the chamber. Air escaped 
from the chamber around the rubber tubing, which did not com­
pletely fill the hole in the lid. 
During an experiment in which the soils were incubated at 
3° C., the atmosphere over the subsamples was exchanged inter­
mittently by the following procedure : The subsamples, with 
caps removed, were kept in a covered stainless steel pan, which 
was 20 inches in length by 12 inches in width by 8 inches in 
depth. The pan contained water to a depth of 3 inches. The 
subsamples were placed on a platform above the surface of the 
water. The lid of the pan was removed daily for approximately 
one minute to allow exchange of air. 
Control of temperature Constant temperature of soils 
incubated at 12° C. and above was maintained by keeping the 
N^o. 106-EF, Imperial-Eastman Corp., Chicago, 111. 
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humid chambers in refrigerated incubators.^  During the experi­
ment in which the soil was incubated at 3° C., the covered pan 
serving as a humid chamber was kept in a walk-in refrigerator. 
Inoculation of subsamples with E. rhusiopathiae 
Preparation of inoculum Inoculum of viable E. 
rhusiopathiae was prepared in the same manner for each experi­
ment. The contents of an ampule of lyophllized stock culture 
were reconstituted and transferred to a tube of beef Infusion 
broth. After 24 hours at 37° C., one ml. of culture was trans­
ferred to 50 ml. of pre-incubated beef infusion broth. After 
24 hours at 37° C., the broth culture was transferred to two 
sterile 5O-21I. nylon centrifuge tubes, which were covered with 
sterile caps and centrifuged for 6 minutes in a Sorvall SS-3 
centrifuge with a type 88-34 rotor operated at 12,000 R.P.M. 
(17,300 R.C.P.). The supernatant broth was discarded and the 
cells were resuspended to 1/2 the original volume of culture 
in sterile chilled 0.1^  peptone solution. Resuspension was 
aided by addition of a few sterile glass beads (4 mm.) and the 
2 
use of a mixer. The cell suspension was transferred to a 
sterile test tube, which was capped and placed in an ice bath. 
Ten-fold serial dilutions were made in tubes of sterile chilled 
mmO 
0.1% peptone solution. The tube containing dilution 10~ was 
1 
B.O.D. Incubator, Model 805, Precision Scientific Co., 
Chicago, 111. 
2 
Vortex Jr. Mixer, Scientific Industries, Inc., Queens 
Village, N.Y. 
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immediately placed in an ice bath for use as inoculum for sub-
samples of experimental soil. Plate counts were made from 
_< _7 
dilutions 10 ^  through 10 , using an adaptation of the "drop-
surface plate" method of Pomales-Lebron and Fernandez (IO9). 
Plates of beef infusion agar were marked into halves, and 0.1 
ml. of diluted culture was deposited onto each area. Each 
dilution was plated in quadruplicate. After 48 hours at 
37° C., colonies of E. rhusiopathiae were counted with the aid 
of a dissecting microscope, and the number of colony-forming 
units (CPU)/ml. of inoculum was calculated. 
Methods of inoculation Subsamples were removed 
from the humid chambers and capped during the inoculation pro­
cedure. Caps were removed from 10 subsamples at a time to 
allow inoculations to be made. Each subsample was inoculated 
—2 
with 0.1 ml. of 10 dilution of cells of E. rhus i opa th iae in 
chilled 0.1^  peptone solution. Inoculations were made with 
sterile one-ml. glass pipettes, graduated to 0.01 ml. Soil 
that had a moisture content of less than FC was inoculated by 
touching the surface of the subsample in two places with the 
tip of the pipette, and allowing the inoculum to flow out by 
capillary attraction. Soil that had a moisture content in 
excess of FC was inoculated by the following method; Two 
parallel grooves approximately 15 mm. apart were made in the 
soil of each subsample with a sterile wood applicator stick. 
The grooves were approximately 7 mm. in depth, and extended 
across most of the width of the subsample jar. Inoculum was 
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allowed to flow into the grooves from the tip of the pipette. 
After inoculation, the soil in each subsample was mixed with a 
sterile wood applicator stick to distribute the inoculum, and 
was compacted by the procedures given under Preparation of sub-
samples . The capped jars containing inoculated subsamples of 
an experimental soil were placed in a group on a table and 
shuffled thoroughly. Two subsamples were removed at random for 
an immediate count of viable cells of E. rhusiopathiae, and the 
remainder were distributed at random into humid chambers to 
begin the determination of survival of the organism. 
Enumeration of E. rhusiopathiae in soil The number of 
viable cells of E. rhusiopathiae in subsamples of experimental 
soil was estimated by a modification of the most-probable-
number (MPN) method described by Alexander {k). All deter­
minations of MPN were made with duplicate subsamples, and a 
mean of the results was recorded. 
The MPN method was conducted as follows: The contents of 
a subsample jar (10 Gm. of soil on a dry-weight basis) were 
transferred, with the aid of a sterile wood tongue blade, into 
a 250-ml. wide-mouth screw-capped Erlenmeyer flask, which con­
tained 9^  ml. of sterile chilled 0,1 M phosphate buffer solu­
tion and approximately 100 glass beads. When necessary, soil 
was dislodged from the sides of the subsample jar with the 
tongue blade and washed into the flask with a portion of the 
buffer solution. The flask was shaken for 10 minutes on a 
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reciprocating shaker operated at 280 cycles/minute. Ten-fold 
dilutions were made from the contents of the flask. The 
-7 _ dilutions were made to 10 in 8-ounce dilution bottles, each 
containing 90 ml. of sterile chilled 0.1 M phosphate buffer 
solution. The amount transferred between bottles was 10 ml. 
Each bottle was shaken by hand for 15 seconds between trans­
fers. After the dilutions were made, 5 one-ml. aliquots were 
withdrawn from each of the 7 dilution bottles and from the 
flask containing the original suspension, and each aliquot was 
transferred to a tube containing 9 ml. of selective liquid 
medium. In addition, for the detection of very small numbers 
of E. rhusiopathlae. 5 aliquots of 10 ml. each were transferred 
from the flask containing the original suspension to 5 bottles, 
each containing 90 ml. of selective liquid medium. The tubes 
and bottles of inoculated selective liquid medium were incu­
bated at 37° C. They were shaken after 24 hours to resuspend 
the sediment. At 48 hours, a drop of the contents of each 
tube or bottle was transferred to the surface of a slant of 
Packer's medium. The slants were incubated at 37° C. for 72 
hours and examined for bacterial growth that appeared typical 
of E. rhusiopathlae, as described under Culture procedure in 
PART I. 
Bacterial growth having the appearance of E. rhus1opathiae 
on Packer's medium was isolated in pure culture from each 
1 
Model 6000, Eberbach Corp., Ann Arbor, Mich. 
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subsample in which it was detected. The isolation was made 
from the growth on a slant of Packer's medium taken from the 
group of 5 slants that represented the highest dilution of the 
subsample in which growth was detected. The procedure for iso­
lation of pure cultures has been described under Culture pro­
cedure in PART I. Identification of pure cultures as E. 
rhusiopathiae was based on colonial and cellular morphology, 
reaction in triple-sugar iron agar, and growth in nutrient 
gelatin stabs at 20° C. In addition, tests to determine the 
pattern of acid production from 20 fermentable carbon compounds 
(Table 3), reaction in litmus milk, and reaction in esculin 
medium were conducted with the last isolate from each experi­
mental soil. The foregoing methods of identification were 
described under Characterization of Isolates in PART I. 
In each group of 5 slants of Packer's medium, the number 
having growth of E, rhusiopathiae was recorded. The MPN of 
viable cells of E. rhusiopathiae/Gm. of soil was determined 
from the pattern of positive slants by means of a table of most 
probable numbers given by Alexander (4). Each experiment was 
terminated when viable E, rhusiopathlae were not detected in at 
least 3 consecutive MPN determinations. 
Comparison of MPN values with plate counts of E. rhusio­
pathiae In preliminary experiments, results of the MPN 
method for enumeration of E. rhusiopathiae in soil were com­
pared with plate counts of inoculums. Three replications of 
the following procedure were conducted as separate tests: 
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Eight subsamples of stock soil (10 Gm. each on a dry-weight 
basis) were each inoculated with 0.1 ml. of diluted culture of 
strain E1-6P. The inoculums consisted of 10-fold serial dilu­
tions of a 24-hour beef infusion broth culture of the organism, 
in which the number of CPU/ml. had been determined by plate 
count. Each of the 8 subsamples of soil was inoculated from 
0 —*7 
one dilution of the 10-fold series (10 through 10*" ) . After 
inoculation, each subsample was subjected to the MPN method 
for enumeration of viable cells of E. rhusiopathiae. Results 
are given in Table 20. In 20 of the 23 MPN determinations for 
which it was possible to compute confidence limits,^  the number 
of CFU of E. rhusiopathiae that had been added/Gm. of soil was 
within the 95^  confidence limits for the corresponding MPN 
value, computed according to Alexander (4). 
Additional tests were conducted, consisting of two sepa­
rate replications of the following procedure: Eight subsamples 
of stock soil were each inoculated with 0.1 ml. of a single 
dilution of culture of strain E1-6P. The number of CFU of E. 
rhusiopathiae/ml. in the inoculum had been determined by plate 
count. Each subsample was subjected to the MPN method for 
enumeration of E. rhusiopathiae. Results are given in Table 21. 
In each replication of the procedure, the number of CFU added/ 
@m. of soil was within the 95^  confidence limits for the 
1 
Confidence limits cannot be computed when a MPN value 
is zero. 
Table 20. Comparison of MPN values with plate counts of serially diluted inoculums 
of E. rhusiopathiae^  added to soil 
Test No. 1 Test No. 2 Test No. 3 
2.43 X 10*^  CPU added/Gm. 1.97 X 10^  ^CFU added/Gm. 1.48 X 10"^  CPU added/Gm. 














7 4.90° 1.48/16.17° 4.90 1.48/16.17 1.40 0.42/4.62 
6 3.30 1.00/10.89 4.90 1.48/16.17 3.30 1.00/10.89 
5 2.20 0.66/7.26 7.90 2.39/26.07* 2.10 0.63/6.93 
4 3.30 1.00/10.89 4.90 1.48/16.17 1.70 0.52/5.61 
3 0.33 0.10/1.09* 3.30 1.00/10.89 1.40 0.42/4.62 
2 0.79 0.23/2.61 2.30 0.69/7.59 4.90 1.48/16.17 
1 0.41 0.12/1.35* 1.30 0.39/4.29 1.30 0.39/4.29 
0 0.90 0.27/2.97 0 none® 2.00 0.61/6.60 
s^train EI-6P.  
L^ower limit/upper limit. 
All values X 10 ; n values are given in the first column. 
T^he number of CPU added/Gm. was outside the 95% confidence limits of the 
corresponding MPN value. 
C^onfidence limits cannot be computed when the MPN value is zero. 
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Table 21. Comparison of MPN values with plate counts of 




Test No. 1 
2,550 CPU 
added/Gm. of soil 
Test No. 2 
2,160 CPU 











1 3.3° 1.00/10.89° .^0 1.21/13.20 
2 0 .6  0.18/1.98* 1.7 0.52/5.61 
3 2.4 0.73/7.92 0.4 0.12/1.32* 
4 2.4 0.73/7.92 3.7 1.12/12.21 
5 2.4 0.73/7.92 1.3 0.39/4.29 
6 3.3 1.00/10.89 3.3 1.00/10.89 
7 4.0 1.21/13.20 6.8 2.06/22.44 
8 2.2 0.67/7.26 2.3 0.70/7.59 
S^train E1-6P. 
L^ower limit/upper limit. 
®A11 values X 10^ . 
T^he number of CPU added/Gm. was outside the 95^  con­
fidence limits of the corresponding MPN values. 
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corresponding MPN value in 7 of 8 determinations. 
Experiments 
Experiment 1. Survival of E. rhusiopathiae at four 
temperatures In preliminary experiments, the times of 
survival of E. rhusiopathiae, strain E1-6P, in stock soil at 
different temperatures were approximated. With this informa­
tion as a guide, an experiment was designed to make detailed 
determinations of the survival of strain E1-6P in experimental 
soil at 30°, 20°, 12°, and 3° C. The specific conditions of 
the experiment are given in Table 22. 
The following general procedure was utilized; Subsamples 
of stock soil were prepared, soil pH and moisture content were 
determined, and moisture content was adjusted to approximately 
70^  of PC. After pre-incubation in the humid chambers at the 
selected temperature, the subsamples were inoculated with a 
suspension of viable cells of strain E1-6P. Incubation at the 
selected temperature was continued. Enumeration of E. rhusio­
pathiae was made at specific intervals of time, until the 
experiment was terminated. Soil pH and moisture content were 
determined again at the end of the experiment. 
Experiment 2. Survival of E. rhusiopathiae at three 
moisture levels The survival of E. rhusiopathiae was deter­
mined at 12° C. in soil with moisture adjusted to three differ­
ent levels. Two samples of stock soil, equivalent to 500 Gm. 
dry weight, were placed in two one-gallon wide-mouth jars. The 
Table 22. Specific conditions of Experiment 1: Survival of E. rhusiopathlae in 

















(c . )  samples tion 
time 
(days) 
of soil) Time 
intervals 
Duration of soil (^ ) 
30° ij-O 10 10,400 4 or 8 hr. 76 hr. 7.30/7.35® 19.7/16.5° 
20° 60 14 30,000 12 hr. 12 days 7.30/7.40 19.7/16.9 
12° 40 21 20,000 2 or 3 days 28 days 7.30/7.25 19.7/17.6 
3° 40 42 17,100 3 or 4 days 46 days 7.30/7.35 19.7/18.5 
S^train E1-6P. 
1^9.7, 16.5,  16.9,  17.6, and 18.5^  moisture were equivalent to 70.1,  58.7,  
60.1, 62.7, and 65.8^  of FC, respectively. 
°At beginning of experiment/at end of experiment. 
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moisture contents of the two samples were increased to 18.8^  
and 2>2.G%, respectively, with distilled water. A third sample 
of stock soil, equivalent to 500 Gm. dry weight, was partially 
air-dried to 6.5^  moisture, and passed through a sieve of 
0.84-mm. mesh. Three sets of 40 subsamples each were prepared 
from the three experimental soils, placed in humid chambers, 
and incubated 7 days at 12° C. Soil pH and moisture levels 
were determined. The subsamples were inoculated with 22,600 
CPU of strain El-6P/Gm. of soil, and returned to the chambers. 
Incubation at 12° C. was continued. Enumeration of E. rhusio-
pathiae in each of the 3 experimental soils was made at 
intervals of 2 or 3 days, from 0 to 23 days postinoculation. 
Soil pH and moisture levels were determined again at the end 
of the experiment. 
Experiment 3. Survival of E. rhusiopathiae in various 
ranges of hydrogen-ion activity Survival of E. rhusio­
pathiae was determined at 12° C. in soil with pH adjusted to 
acid, near-neutral, and alkaline levels. The experiment was 
conducted at two different moisture levels. 
Survival with moisture at approximately 70^  of FC 
Three samples of stock soil, each equivalent to 500 Gm, dry 
weight, were placed in three one-gallon wide-mouth jars. Two 
and one-half milliliters of 2,0 N HCl were added to the soil 
1 No, 20, U.S. standard series. 
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in one jar, 2.5 ml. of 2.0 N Na2C0-^  solution were added to the 
soil in the second jar, and 2.5 ml. of distilled water were 
added to the soil in the third jar. These additions also 
served to adjust the moisture content to approximately 70^  of 
PC. The soil in each jar was mixed thoroughly. The jars were 
each covered with a single sheet of 0.0015-inch polyethylene 
and incubated at 12° C. for days. During this time, the 
soils were mixed daily by rolling each jar on its side for a 
few minutes. Forty subsamples were prepared from each experi­
mental soil, and placed in humid chambers at 12° C. for 3 days. 
Soil pH and moisture levels were determined. The subsamples 
were inoculated with 56,000 CPU of strain El-6P/Gm. of soil 
and returned to the chambers. Incubation at 12° C. was con­
tinued. Enumeration of E. rhusiopathiae in each of the 3 
experimental soils was made at intervals of 2 or 3 days, from 
0 to 25 days postinoculation. Soil pH and moisture levels were 
determined again at the end of the experiment. 
Survival with moisture in excess of PC Three 
samples of stock soil, each equivalent to 500 Gm. dry weight, 
were placed in three one-gallon wide-mouth jars. Six milli­
liters of 2.0 N HCl were added to the soil in one jar, 8 ml. 
of 2,0 N Na2C0^  solution were added to the soil in the second 
jar, and sufficient distilled water was added to the soils in 
all 3 jars to adjust their moisture levels to approximately 
32^ . Each experimental soil was mixed thoroughly. The jars 
were each covered with a single sheet of 0.0015-inch 
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polyethylene and incubated at 12° C, for 14 days. Forty sub-
samples were prepared from each experimental soil and placed in 
humid chambers at 12° C. for 3 days. Soil pH and moisture 
levels were determined. The subsamples were inoculated with 
19f700 CPU of strain El-6P/Gm. of soil, and returned to the 
chambers. Incubation at 12° C. was continued. Enumeration of 
E. rhusiopathiae in each of the 3 experimental soils was made 
at intervals of 2 or 3 days, from 0 to 21 days postinoculation. 
Soil pH of each experimental soil was determined again on 
days 7, l4, and 21 postinoculation. Soil moisture was deter­
mined again at the end of the experiment (day 21). 
Experiment 4. Survival of E. rhusiopathiae in soils with 
high organic matter content Survival of E. rhusiopathiae 
was determined at 12° C. in a laboratory preparation of soil 
with high organic matter content, and in two soils obtained 
from long-established swine pens. 
Survival in soil prepared in the laboratory 
Experimental soil was prepared and stored at 3° C. as described 
under Alteration of organic matter content. Moisture content, 
pH, and organic carbon content of this soil preparation were 
determined. Moisture content was 69.86^ , pH was 8.35• and 
organic carbon content was $.26%. A sample of the preparation, 
equivalent to 5OO Gm. dry weight, was placed in a one-gallon 
wide-mouth jar. In addition, two samples of stock soil, each 
equivalent to 5OO Gm. dry weight, were placed in two one-gallon 
wide-mouth jars. These two samples were treated as follows: 
100 
Six milliliters of 2.0 N Na2C0-^  solution were added to the soil 
in one jar, and sufficient distilled water was added to the 
soils in both jars to bring their moisture levels to approxi­
mately 32%. The three jars containing experimental soils were 
each covered with a single sheet of 0.0015-inch polyethylene 
and incubated at 12° C. for 14 days. Forty subsamples were 
prepared from each experimental soil and placed in humid 
chambers at 12° C. for 3 days. Soil pH and moisture levels 
were determined. The subsamples were inoculated with 15,600 
CPU of strain El-6P/Gm. of soil, and returned to the chambers. 
Incubation at 12° C, was continued. Enumeration of E. rhusio-
pathiae in each of the 3 experimental soils was made at inter­
vals of 2 or 3 days, from 0 to 25 days postinoculation. Soil 
pH and moisture levels were determined again at the end of the 
experiment. 
Survival in soils from two swine pens Two com­
posite samples of soil were collected on May 12, I970 from 
swine pens on two farms in the vicinity of Ames, Iowa. The 
farms were identified in PART I as Ames I and Ames II (Table 2), 
and the samples were designated soils No. I and II, respec­
tively. These farms were selected because pathogenic E. rhusio-
pathiae had been isolated from the soil of the same pens in 
October and November, 1969» and according to the owners, these 
pens had been inhabited by swine continuously for more than 
30 years. The samples (approximately 4 Kg. each) were col­
lected in a manner similar to that described under Collection 
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of Samples in PART I. Effort was made to obtain composites 
representative of the entire area of each pen. 
Each of the two soils was passed through a sieve of 1/4-
inch mesh and mixed thoroughly. Eighty subsamples were pre­
pared from each soil, placed in humid chambers, and incubated 
at 12° C. for 5 days. Moisture content, pH, and organic carbon 
content of each soil were determined. In addition, each soil 
was examined for indigenous E, rhus iopathiae by submitting 4 
subsamples to the MPN procedure. 
The remaining subsamples of each soil were divided into 
two groups of equal number. One group from each soil was 
inoculated with 12,100 CPU of strain El-6P/Gm. of soil. The 
remaining two groups were inoculated as follows: Subsamples 
of soil No. I were inoculated with 6,000 CFU of strain 124/Gm. 
of soil, and subsamples of soil No. II were inoculated with 
9,000 CPU of strain 153/Gm. of soil.^  The subsamples were 
returned to the chambers and incubation at 12° C. was con­
tinued. Enumeration of E. rhusiopathiae in each of the four 
groups of subsamples was made at intervals of 2 or 3 days, from 
0 to 25 days postinoculation. Soil pH and moisture levels of 
soils No. I and II were determined again at the end of the 
experiment. 
Strains 124 and 153 of E. rhusiopathiae had been isolated 
previously from the same respective swine pens from which soils 
No. I and II were obtained. 
102 
RESULTS 
Comparison of MPN Values 
with Plate Counts of Inoculums 
In addition to the preliminary tests of the MPN method 
shown in Tables 20 and 21, the method was checked again at the 
beginning of each experiment. The initial MPN determination, 
which was made immediately after the subsamples of soil were 
inoculated, was compared to the number of CPU/Gm. that had been 
added in the inoculums. The results are given in Table 23. In 
18 of 20 determinations, the numbers of CPU added/Gm. of soil 
were within the 95% confidence limits of the corresponding MPN 
values, computed according to Alexander (4). 
Survival of E. rhusiopathiae in Soil 
The populations of E, rhusiopathiae added to subsamples of 
soil did not increase or remain stable under any of the experi­
mental conditions employed. The populations died out within 
35 days in all experiments. Detailed results of each experi­
ment follow. 
Experiment 1. Survival of E. rhusiopathiae at four temperatures 
The numbers of viable cells of strain E1-6P surviving in 
soil at 30° C., 20° C., 12° C., and 3° C. are given in Table 24, 
and are shown graphically in Fig. 17. Death rate was increased 
as the temperature of the soil was increased. Viable E. rhusio­
pa thiae were not detected after 52 hours postinoculation at 
30° C,, 10 days at 20° C., 18 days at 12° C., or 35 days at 
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Table 23. Comparison of MPN values with plate counts of 
inoculums of E. rhusiopathiae^  added to soils at 
the beginning of each experiment 
Experiment Viable cells/Gm. of soil^  95^  confidence 
no. No. of CPU MPN limits 
added value° 
1 1.04 1.00 0.39/4.29* 
3.00 5.60 1.70/18.48 
2.00 4.10 1.24/13.53 
1.71 1.25 0.38/4.13 
2 2.26 2.00 0.61/6.60 
2.26 2.30 0.70/7.59* 
2.26 0.49 0.15/1.62® 
3 5.60 7.95 2.40/26.24 
5.60 10.40 3.15/34.32 
5.60 9.45 2.86/31.19 
1.97 0.64 0.19/2.11 
1.97 1.90 0.58/6.27» 
1.97 0.49 0.15/1.62® 
4 1.56 1.40 0.42/4.62 
1.56 1.20 0.36/3.96 
1.56 0.90 0.27/2.97 
1.21 1.20 0.36/3.96 
1.21. 0.79 0.24/2.61 
0.90I 1.70 0.52/5.61 
0.60® 0.41 0.12/1.35 
S^train E1-6P, except where otherwise noted. 
\ll values X 10^ . 
V^alues are means of determinations from duplicate 
subsamples. 
L^ower limit/upper limit. 
®The number of CPU added/Gm. was outside the 95^  
confidence limits of the corresponding MPN value. 
S^train 153. 
train 124. 
Table 24. Numbers of E. rhuslopathlae (strain E1-6P) surviving in soil at four 
temperatures, with pH range of 7.2^  to 7.4o and moisture content of 16.5 
to 19.7# 
30° C. 20° C. 12° C. 3° C. 
Hours Viable Days Viable Days Viable Days Viable 
postinoc­ cells/Gm. postinoc­ cells/Gm. postinoc­ cells/Gm. postinoc­ cells/Gm. 
ulation of soil®- ulation of soil®- ulation of soil^  ulation of soil®-
0 10,000 0 56,000 0 41,000 0 13,000 
4 8,800 & 15,000 2 820 4 960 
8 3,300 1 6,000 4 110 7 180 
12 640 1* 4,100 7 10 11 9 
20 79 2 480 9 27 14 8 
24 16 2i 160 11 2.3 18 4.1 
28 0.3 3, 41 14 0.8 21 2.9 
32 0.2 3* 23 16 0.1 25 0.8 
36 0.1 4 16 18 0.2 28 0.3 
44 0.1 41 3.3 21 0 32 0.6 
52 0.1 5.2 23 0 35 0.1 
60 0 # 3.6 25 0 39 0 68 0 6 2.0 28 0 42 0 























V^alues are means of MPN determinations from duplicate subsamples. 
Fig. 17. Death rates of E. rhusiopathiae (strain E1-6P) in 
soil at temperatures of 30°, 20°, 12°, and 3°C., 
with pH range of 7.25 to 7«^ 0 and moisture content 










3° C. Moisture content of subsamples decreased from 19«7^  
(70.1^  of FC) at the beginning of the experiment to a range of 
16.5^  to 18.5^  i5Q'7% of FC to 65.8% of FC) at the end 
(Table 22). The pH of the soils remained within a range of 
7.25 to 7.40 during the experiment. 
Experiment 2. Survival of E. rhusiopathiae at three 
moisture levels 
The numbers of viable cells of strain E1-6P surviving in 
soils at a temperature of 12° C., pH range of 7*1 to 7*5» and 
moisture at three different levels, are given in Table 25, and 
are shown graphically in Fig. I8. Death rates of the organism 
were similar in soils with moisture levels at 117.0% of FC 
(saturated) and 6$.7% of FC. Viable E. rhusiopathiae were not 
detected after 14 days postinoculation in these soils. Death 
rate was increased in soil with the moisture level at 24.2^  of 
FC (partially air-dried). Viable organisms were not detected 
after k days postinoculâtion in this soil. 
Experiment 3. Survival of E. rhusiopathiae in various 
ranges of hydrogen-Ion activity 
Survival in three ranges of hydrogen-ion activity with 
moisture at approximately 70% of PC The numbers of viable 
cells of strain E1-6P surviving in soils at a temperature of 
12° C., moisture level at 70.8% of FC, and pH in three differ­
ent ranges, are given in Table 26, and are shown graphically in 
Fig. 19. Death rates were similar in all three pH ranges. 
Viable E. rhusiopathiae were not detected after 16 days 
Table 25. Numbers of E, rhuslopathlae^  surviving at 12° C. in soils with a pH 
range of 7.1 to 7.5 and three moisture levels 
Days 
postinoculâtion 
Viable cells/Gm. of soil^  
32.9% moisture® 
(117.0% of FC)& 
19.6% moisture® 
(69.7# of FC) 
6.8% moisture® 
(24.2% of FC) 
0 23,000 20,000 4,900 
2 190 330 2.3 
4 4l 110 0.3 
7 23 32 0 
9 10 8 0 
11 0.9 3.3 0 
14 0.2 0.2 0 
16 0 0 0 
18 0 0 0 
21 0 0 0 
23 0 0 0 
S^train E1-6P. 
Values are means of MPN determinations from duplicate subsamples. 
A^verage values; the ranges were 32.1 to 33.6^ » 19.4 to 19.8%, and 6.6 to 
7.0%, respectively. 
'^ Saturated. 
Fig. 18. Death-rates of E. rhusiopathiae (strain E1-6P) 
at 12 C. in soils with a pH range of 7.1 to 
7.5 and. three different moisture levels. 
(FC = field capacity) 
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Table 26. Numbers of E. rhuslopathlae^  surviving at 12° C. in soils with 
moisture at 70*8^  ^of FC and three ranges of pH 
Days 
postInoculâtion 
Viable cells/Gm. of soil^  
pH range 
8.40 to 8.45 
pH range 
7.30 to 7.35 
pH range 
6.15 to 6.20 
0 95.000 80,000 104,000 
2 15.000 15.000 13.000 
4 900 1.700 3.500 
7 51 190 250 
9 2.2 28 0.1 
11 0.3 2.5 0.1 
14 0.1 0.1 0.1 
16 0.1 0.1 0.1 
18 0 0 0.1 
21 0 0 0 
23 0 0 0 
25 0 0 0 
•^3train E1-6P. 
A^verage value; the range was 70.0 to 71.8^  of PC (19.7 to 20.2^  moisture). 
"^ Values are means of MPN determinations from duplicate subsamples. 
Fig. 19. Death rates of E. rhuslopathiae (strain E1-6P) at 
12° C. in soils with moisture level at 70.8^  of 
PC and three ranges of pH 
113 
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postInoculâtion in soils with pH ranges of 8,40 to 8.45 and 
7.30 to 7'35' Viable organisms were not detected after I8 days 
in soil with a pH range of 6.15 to 6,20. 
Survival In three ranges of hydrogen-ion activity with 
moisture in excess of FC The numbers of viable cells of 
strain E1-6P surviving in soils at a temperature of 12° C., 
moisture level at 112.7^ of FC (saturated), and pH in three 
different ranges, are given in Table 27, and are shown graphi­
cally in Fig. 20. Death rates were similar in soils with pH 
ranges of 8.80 to 8.9O and 5*70 to 5.80, and were slightly more 
rapid in these ranges than in a pH range of 7.40 to 7.50. 
Viable E. rhusiopathiae were not detected after 7 days post-
inoculation in soils with pH ranges of 8.80 to 8.9O and 5.70 
to 5.80, and viable organisms were not detected after 11 days 
in soil with a pH range of 7.40 to 7.50. 
Experiment 4. Survival of E. rhusiopathiae in soils with high 
organic matter content 
Survival in soil prepared in the laboratory The num­
bers of viable cells of strain E1-6P surviving at 12° C. in 
soil containing S,Z6% organic carbon and having a pH range of 
8.25 to 8.45, and in two soils containing 2.69^ organic carbon, 
32.0^ moisture (saturated), and having two different ranges of 
pH, are given in Table 28, and are shown graphically in Fig. 21. 
Death rate was more rapid in the soil containing $.26% organic 
carbon than in either of the soils containing 2.69% organic 
carbon. Viable E. rhus iopathiae were not detected in the soil 
Table 2?. Numbers of E. rhuslopathiae^ surviving at 12° C. in soils with 
moisture at 112.7^^ of PC (saturated) and three ranges of pH 
Days 
pos tinoculation 




to 8.90  
pH range 
7.40  to 7.50  
pH range 
5.70  to 5.80 
0  4 ,  900 6 ,400 :'.9.ooo  
2 33 90  31  
4  4 .9  23 0.4  
7  0 .3  6 .3  0 .1  
9  0  0.3 0 
11 0  0.3 0 
14 0  0  0  
16  0  0  0  
18  0  0  0  
21  0  0  0  
^Strain E1-6P. 
^Average value; the range was 110.6 to 115.6/^ of PC (31.1 to 32.5^ moisture). 
"^Values are means of MPN determinations from duplicate subsamples. 
Pig. 20. Death rates of E. rhusiopathiae (strain E1-6P) 
at 12 C. in soils with moisture level at 112.?^ 
of PC (saturated) and three ranges of pH 
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PH RANGE 8.80 to 8.90 
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Table 28. Nimbers of E. rhus1opathlae^ surviving at 12° C. in soils with two levels 
of organic carbon and two ranges of pH 
Days Viable cells/Gm. of soil^ 
postinoc­
ulation 9.26^ organic carbon® 
(pH range 8.25 to 8.45) 
Z.6s% organic carbon^ 
(pH range 8.20 to 8.50) 
2.6 
(pH 
':>9% organic carbon*^ 
range 7.25 to 7.40) 
0 9,000 12,000 14,000 
2 120 330 2,200 
4 6 . 2  64 630 
7 0.1 25 110 
9 0 6.4 28 
11 0 1.5 6.4 
14 0 0.3 8.2 
16 0 0.1 1.5 
18 0 0 0 . 3  
21 0 0 0 
23 0 0 0 
25 0 0 0 
^Strain E1-6P. 
^Values are means of MPN determinations from duplicate subsamples. 
^Average moisture content 70.0^ (range 68.4 to 70.?^). 
^Average moisture content 32.0^ (range 31.4 to 32.S%) (saturated). 
Pig. 21. Death rates of E. rhusiopathiae (strain E1-6P) 
at 12° C. in saturated soils with two levels of 
organic carbon and two ranges of pH 
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ORGANIC CARBON 9.26%(ph range 825to8.45) 
ORGANIC CARBON 2.69%(ph range8.2oto8.5o) 
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containing S.ZS^ organic carbon after 7 days postinoculation. 
In the two soils containing 2.69^ organic carbon, the death 
rate was slightly more rapid in the soil with pH range of 8.20 
to 8.50 than in the soil with pH range of 7.25 to 7.^0. Viable 
organisms were not detected in the former soil after I6 days 
postinoculation, or in the latter soil after I8 days postinocu­
lation. 
Survival in soils from two swine pens No indigenous 
E. rhusiopathiae were detected in subsamples of swine pen soils 
No. I and II. 
The numbers of viable cells of strains E1-6P and 124 sur­
viving in soil No. I, and the numbers of viable cells of 
strains E1-6P and 153 surviving in soil No. II, are given in 
Table 29, and are shown graphically in Figs. 22 and 23. Death 
rates of the strains of E. rhusiopathiae were similar in both 
soil No. I and soil No. II. Strain E1-6P was not detected 
after I6 days postinoculation in soil No. I or after 14 days 
in soil No. II. Strain 124 was not detected after 11 days in 
soil No. I, and strain 153 was not detected after I6 days in 
soil No. II. 
The pH of soil No. I remained within the range of 7.30 to 
7.45 during the experiment; the pH of soil No. II changed from 
7.60 at the beginning of the experiment to 6.65 at the end 
(day 25 postinoculation). Average moisture content was 66,2% 
in soil No. I, and 44.3^ in soil No. II. The organic carbon 




Viable cells/Gm. of soil^ 
Soil No . Soil No . 11° 
Strain E1-6P Strain 124 Strain E1-6P Strain 153 
0 7,900 4,100 12,000 17,000 
2 490 48 95 41 
4 23 2.3 8.0 4.7 
7 5.1 0.6 2.5 0.9 
9 1.7 0.2 0.4 0.1 
11 1.0 0.1 0.6 0.2 
14 0.6 0 0.1 0.1 
16 0.1 0 0 0.1 
18 0 0 0 0 
21 0 0 0 0 
23 0 0 0 0 
25 0 0 0 0 
^Values are means of MPN determinations from duplicate subsamples. 
^13.35^ organic carbon; pH range 7.30 to 7-^5; average moisture content 66.2^ 
(range 64.9 to 67.5^). 
^8.56^ organic carbon; pH range 6.65 to 7.60; average moisture content 44.3^ 
(range 43.2 to 45.4^). 
Fig. 22. Death rates of two strains of E. rhusiopathiae at 
12 C. in swine-pen soil No. I 
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Fig. 23. Death rates of two strains of E. rhusiopathiae at 
12° C. in swine-pen soil No. II 


















contents of soils No. I and II were 13.35^ and 8.56^, respec­
tively. 
Comparison of death rates of strain E1-6P in three soils 
with hi^h content of organic matter The death rates of 
strain E1-6P in the three soils with high content of organic 
matter are compared in Pig. 24. The numbers of viable cells 
decreased at similar rates in the three soils. 
Fig. 2k. Death rates of E, rhusiopathiae (strain E1-6P) 
in laboratory-prepared soil with high organic 
matter content and in swine-pen soils No. I 
and II 
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Erysipelothrix rhuslopathlae was Isolated from soil of 
swine pens on 18 of 19 farms that were visited during this 
investigation. This information establishes the importance of 
the soil and manure of swine-raising premises as a medium for 
transmission of the organism. Although the existence of E. 
rhusiopathiae in asymptomatic carrier pigs and other animals 
has been known for many years, the isolation of the organism 
from swine-pen soil or manure has not been reported. Hereto­
fore, the widespread presence of E. rhusiopathiae in the 
environment outside the animal host has been a matter of con­
jecture. 
Isolates of E, rhusiopathiae were obtained from 116 of 
^1-53 samples (25.6^) of soil or manure collected on farms where 
swine erysipelas had been diagnosed. Not only was a high 
frequency of isolations encountered soon after diagnoses of 
swine erysipelas on farms, but also the organism was detected 
in the swine pens of most of these farms 2 months later, and 
again 5 months after the initial visits (Table 5)• These 
farms were located in widely scattered parts of Iowa (Table l), 
indicating that the presence of E, rhusiopathiae in the soil 
of swine-raising premises was not a local phenomenon. 
Erysipelothrix rhusiopathiae was isolated with a high 
frequency (52 of 158 samples, or 32.9^) from samples of soil, 
manure, or freshly voided feces collected from swine pens on 
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8 farms that had no known history of swine erysipelas for at 
least 5 years. Isolates that were pathogenic for swine were 
obtained from each of these farms. The owner of one farm 
(Huxley, see Table 6) stated that swine erysipelas had not been 
observed on his farm within his memory (at least 20 years); 
furthermore, he had never vaccinated his pigs against erysip­
elas and was not vaccinating at the time his farm was visited. 
This statement was confirmed by the local veterinarian. Yet, 
isolates of E. rhusiopathlae that were pathogenic for swine 
were found in 3 of 22 soil samples from swine pens on this farm 
(Table l6). The swine on such farms apparently develop immu­
nity to the pathogenic E. rhusiopathiae that are present, and 
the premises no doubt could be hazardous to susceptible pigs 
introduced into the herd. This provides a possible explanation 
for the commonly reported observation that outbreaks frequently 
coincide with introduction of new, apparently healthy pigs into 
a herd. 
Since E. rhusiopathiae is present in the soil of swine 
pens, it follows that the organisms are frequently ingested by 
pigs. This suggests that oral vaccination, recently developed 
commercially (77» 100, 118), actually is carried out continu­
ously by natural processes in swine pens. The repeated oral 
ingestion of the organisms may have an anamnestic effect which 
maintains a high level of immunity to the pathogenic strains 
indigenous to the herd and the premises. It is possible, 
therefore, that if crowded, heavily manured pens are replaced 
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with relatively clean, open pastures, the natural continuous 
process of oral immunization would be interrupted, and succeed­
ing generations of pigs raised on the premises would have less 
opportunity to maintain immunity. Such pigs may have insuffi­
cient immunity to pathogenic strains of E. rhusiopathiae intro­
duced into the herd by new pigs, or even to strains indigenous 
to the premises. Vaccination against swine erysipelas with 
living "avirulent" commercial products was being utilized on 
all farms listed in Table 2, except Huxley. It must remain at 
this point a matter of speculation whether or not some of the 
isolates, particularly those positively identified as E. 
rhusiopathiae but nonpathogenic for swine, originated by the 
introduction of such living vaccines into the herds. Neverthe­
less, the results of this investigation indicate that it is not 
safe to assume, as some investigators have (77), that pigs 
vaccinated with "avirulent" living culture do not excrete bac­
teria originating from the vaccine. 
Erysipelothrix rhusiopathiae survived for only a short 
time in the experimental soils utilized in this investigation. 
No evidence was obtained to indicate that the organism either 
grew or maintained a stable population; instead, it died out at 
a logarithmic rate in all experiments. These results do not 
support the commonly held view that E. rhusiopathiae lives for 
long periods and may even multiply in certain soils. They do 
support the evidence reported by other investigators that E. 
rhusiopathiae survives only briefly in soil (53. 94-, 114, 129, 
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133). However, the organism apparently can survive under most 
conditions for a sufficient time to create an important source 
of infection for susceptible pigs, as suggested "by Sukhoretskii 
(129) and by Doyle (36). 
In view of the brief survival of E. rhusiopathiae in 
experimental soils in the laboratory, it is probable that the 
high frequency of isolations of the organism from swine-pen 
soil and manure is the result of frequent shedding by the pigs 
inhabiting the premises. Further studies will be necessary for 
confirmation, but it is likely that the widespread existence of 
E. rhusiopathiae in the soil of swine pens requires that the 
organism be continuously disseminated by the pigs. The isola­
tion of pathogenic E. rhusiopathiae from 2 of 25 samples of 
freshly voided feces from healthy pigs (Table 6) indicates that 
asymptomatic pigs probably shed the organism considerably more 
often than believed by Kurek (74). Such a process could 
involve a recycling mechanism consisting of the following 
steps; 1) oral ingestion by pigs; 2) passage (alimentary or 
hematogenous) to feces; 3) passage to the external environment; 
4) survival for a sufficient time to be re-ingested. The fact 
that no isolates were found in the soil of open areas of swine 
pastures (Table 18) provides further evidence that frequent 
shedding by pigs may be necessary for the continued presence 
of E, rhusiopathiae in the soil. 
Although the population of E. rhusiopathiae in the soil 
of a swine pen is undoubtedly variable, it appears likely that 
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it is usually in relatively low numbers/unit volume of soil. 
The results of most of the tests of survival indicated a logar­
ithmic death rate during the first few days until the popula­
tion became quite small (less than one viable cell/Gm. of 
soil); then this residual population often persisted for 
several additional days (Figs. 17. 19. 22, 23). In Experi­
ment 4 of PART II, the MPN determinations that were made to 
detect indigenous E. rhusiopathiae in subsamples of swine-pen 
soils No. I and II were negative, although the organism was 
present in most of the composite samples obtained from these 
farms previously (Table 6), This could be an Indication that 
the organisms were present in small numbers in most of the 
composite samples of soil and manure obtained previously, and 
were detected at that time only because relatively large 
samples were examined. 
Variations occurred in the survival of E. rhusiopathiae 
in experimental soils under certain conditions. Temperature 
had a marked effect on survival of the organism. The range of 
survival times of strain E1-6P was from 52 hours at 30° C. to 
35 days at 3° C. (Fig. 1?). This is comparable to data on 
survival during different seasons recorded in other reports 
(ll4, 133)" The death rate at 30° C. indicates that survival 
time is probably very short in swine-pen soil during warm 
summer weather, when the average temperature of the top few 
inches of soil in the midwestern United States is usually 
above 22° C. (18, p. 260). This is supported by observations 
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made in PART I. Return visits to the farms identified as 
Alleman, Rudd, and Van Home during the months of July and 
August revealed a lower number of isolates than in May and June 
(Table 5). The results of the experiment conducted at 3° C. 
suggest that the organism may be able to overwinter in the soil 
of a swine pen without the continued presence of pigs. 
The survival time of E. rhusiopathiae was markedly short­
ened in partially air-dried soil as compared to soil at 70^ 
of PC or to saturated soil (Fig. l8). This is a further indi­
cation that survival is short in warm, dry weather. In addi­
tion, it indicates that good drainage of swine pens may help 
to reduce the survival time of E. rhusiopathiae in the soil. 
Increasing soil moisture from 70^ of FC to an excess of FC 
(saturation) did not appear to affect the survival time of 
E. rhusiopathiae (Fig. 18); therefore, excessively wet condi­
tions in a swine pen probably neither favor nor hinder survival 
of the organism. 
The two extreme moisture levels were selected to simulate 
conditions of dry and wet weather. The moisture level of 
approximately 70^ of FC was selected for most experiments 
because soil moisture levels within a range of 50 to 75^ of FC 
are usually optimum for the activities of aerobic bacteria 
(3, p. 25). 
The acid and alkaline ranges of pH utilized in this 
investigation had little, if any, effect on the survival of 
E. rhusiopathiae (Figs. 19, 20). Therefore, it appears that 
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alkaline soil does not necessarily favor, nor does acid soil 
necessarily hinder the survival of E. rhusiopathiae. For many 
years, these factors have been considered important influences 
on the survival of E. rhusiopathiae in soil (2, 56, 6^). The 
results of this investigation are in agreement with those 
reported by Szynkiewicz (133)» who stated that pH of soil did 
not appear to affect survival of the organism. Two different 
moisture levels were used in Experiment 3 to determine whether 
or not increasing the moisture content would enhance the effect 
of pH on survival of E. rhusiopathiae. Although death rate 
was more rapid during the test at a high moisture level (112.7^ 
of PC) than it was during the test in which moisture was at 
70^ of FG, the death rates at the different pH ranges within 
each test were not markedly different (Figs. 19. 20). 
Survival of E. rhusiopathiae was unexpectedly shorter in 
soil with a high content of organic matter than in soil with 
the organic matter content of a more conventional field soil 
(Figs. 21, 22, 23). The results given in Table 28 indicate 
that the increased death rate of E. rhusiopathiae in the soil 
containing a high content of organic matter (expressed as 
organic carbon^) was not due to the pH of the preparation. In 
control soil having a similar pH range, the organism survived 
more than twice as long as it survived in the soil containing 
1 Per cent organic matter in soil is estimated by multiply­
ing per cent organic carbon by 1.724 (II7, p. l4). 
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high organic matter. The rapid death rates of strain E1-6P in 
swine-pen soils No. I and II were similar to that in the labo­
ratory preparation of soil with high organic matter (Fig. 24), 
indicating that the environment in each of the three soils was 
unfavorable. Furthermore, a strain of E. rhusiopathiae indige­
nous to the premises appears to survive no better in soil of 
the same premises than does a strain that has not been intro­
duced previously. Strains 124 and 153. which were used for 
survival tests in Experiment 4 (Figs. 22, 23), were originally 
isolated from the same swine pens from which the test soils 
were obtained; yet, they died out at rates similar to that of 
strain E1-6P. It is probable that, as reported for other non-
sporeforming bacteria pathogenic for animals, the existence of 
E. rhusiopathiae in soil of a swine pen is a matter of survival 
in a hostile environment. Alkaline conditions and high organic 
matter content of manured soil favor the growth and activity of 
ciliated protozoa (3, p. Ill), which, according to Szynkiewicz 
(132), are the most active antagonists of E. rhusiopathiae in 
soil. 
In view of the relative stability of the pH of swine-pen 
soil No. I during Experiment 4, the decrease in pH of soil 
No. II from 7.60 to 6.65 was unexpected. However, the pH at 
the end of the experiment was within the ranges that had been 
utilized in Experlment-3"in which soil pH appeared to have 
little or no effect on survival of E. rhus iopathiae. 
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Eryslpelothrlx rhuslopathiae that were isolated from 
swine-raising premises during this investigation were predomi­
nantly of serotypes A and B (Table 12). This is consistent 
with the frequency of serotypes reported by other investigators 
(6, 63. 130)' It probably can be assumed that many of the 
isolates recorded as having undetermined serotype, because 
their acid extracts did not react with any of the typing 
serums, were representatives of the so-called N-forms (3^, 38, 
73), which do not possess a type-specific acid-soluble antigen. 
Further work will be necessary to characterize serologically 
the isolates of undetermined serotype. 
The presence of serotypes other than A and B in the United 
States has not been reported previously. The reference strains 
of serotypes C, D, E, G, and P used in this investigation 
originated in Europe (58, 72, 73, 139). The reactions of 
identity between these reference strains and isolates from 
swine-raising premises in Iowa are evidence of a probable 
world-wide distribution of the various serotypes of E. rhusio-
pathiae. 
The serotypes of E. rhuslopathiae found during this 
investigation were widely distributed among the farms; there­
fore, specific types apparently are not limited to specific 
areas. As many as three positively identified serotypes (plus 
some probable N-forms) were sometimes found on a single farm, 
and usually in the same swine pen. It is probable that many 
of the individual cultures streaked onto beef infusion agar 
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plates were of mixed serotype, but the routine procedure of 
picking one isolated colony from each plate allowed the iso­
lation of only one serotype from each positive culture. Since 
more than one serotype was found in the same swine pen on 
various occasions, it is probable that mixed infections with 
several serotypes exist in pigs. Szent-Ivanyi (130) reported 
finding E. rhusiopathiae of serotype A in heart valves and 
serotype B in spleens of two pigs. 
The presence of more than one serotype of E. rhusiopathiae 
in swine-pen soil raises the additional question of whether or 
not the serotypes of the organism are stable. Hubrig (59) 
claims that serotypes of E. rhusiopathiae can change by a 
process of adaptation similar to the phases that occur in 
salmonellae. On the other hand, Shuman et aJ.. (126) and Well-
mann and Thai (15^) reported experiments in which serotypes 
remained stable during storage on artificial media, passage 
through pigs, or passage through media containing anti-erysipe-
lothrix serum or sterile culture filtrate. It is possible, 
however, that an environment such as the soil of a swine pen 
could exert influences presently unknown. 
The significance of the various serotypes of E. rhusio­
pathiae in the epizootiology and pathogenesis of swine erysip­
elas is not known. A relationship between serotype and 
immunogenicity of strains of E, rhusiopathiae has not been 
clearly established, although White (I56) reported experiments 
indicating that bacterins may give stronger immunity against 
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challenge with E. rhusiopathiae of homologous serotype than of 
heterologous serotype. According to Uhlig (1^0), the type-
specific antigens and the immunogenic antigens of E. rhusio­
pathiae are not the same. 
The presence of different serotypes may hinder develop­
ment of an effective serologic test for swine erysipelas, by 
making the development of a single test antigen difficult. 
This is made particularly significant by the fact that isolates 
representing six serotypes (A, B, C, E, G, and P) were found to 
be pathogenic for swine. This differs from Kucsera's observa­
tion that only types A and B are pathogenic for swine (73). If 
the latter were true, a serologic test antigen would need to 
represent only types A and B. 
The reference strains utilized in this investigation did 
not include representatives of all reported serotypes of E. 
rhusiopathiae. but included the strains that were available. 
In addition to the types designated A, B, C, D, E, G, and P, a 
new type, designated H, has been reported (38). In addition, 
Murase et al, reported four serotypes in Japan (89, 90, 9I, 
92). These were designated at first C, D, and Fr; the latter 
was divided later into types E and F. In publications describ­
ing new serotypes over the last several years, most investi­
gators have not acknowledged all the type designations previ­
ously reported. Therefore, a degree of confusion exists in 
the designation of serotypes of E. rhusiopathiae. Reference 
strains of type H and of the types reported by Murase et al. 
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were not available for use in the present investigation. An 
effort to clarify the status of all the currently reported 
serotypes of E. rhusiopathiae would be desirable. 
Forty-four isolates, after being tentatively identified 
as E. rhusiopathiae on the basis of colonial morphology (on 
Packer's medium as well as beef infusion agar), cellular 
morphology, reaction in triple-sugar iron agar, and growth in 
nutrient gelatin stabs, were found to have additional charac­
teristics not considered typical of E. rhusiopathiae. The 
aberrations in characteristics of these isolates, particularly 
the biochemical characteristics, were unexpected. It is 
possible that these isolates eventually can be identified as 
other known species of bacteria; it also is possible that they 
are previously unreported organisms belonging in the genus 
Eryslpelothrix. Further study will be necessary to attempt 
positive identification of these isolates. 
The identification of isolates suspected of being E. 
rhusiopathiae but having some aberrant characteristics is made 
difficult by the fact that no single test provides conclusive 
evidence for identification of E. rhusiopathiae. Certain 
strains known to be E. rhusiopathiae can produce varying pat­
terns of acid production from fermentable carbon compounds 
(19, 157)• In addition, failure of hyperimmune anti-erysipe-
lothrix horse serum to protect mice against a strain that has 
characteristics otherwise typical of the species has been 
observed (125). The "test tube brush" growth in gelatin 
l4l 
probably is the most consistent characteristic of the species 
(113); it is the only characteristic that has never been 
reported to be variable. However, it is possible that this 
characteristic is not unique with E, rhusiopathiae. 
The reactions of identity observed between strain Dogger-
schabe (type D) and isolates having otherwise atypical charac­
teristics, in the precipitin test against anti-type D serum 
(Pig, 12), indicate that close relationships can exist between 
organisms that have all of the characteristics considered 
typical of E. rhusiopathiae and organisms that do not have all 
of these characteristics. Further evidence of such relation­
ships can be seen in the fact that reference strain Poland, 
which has several characteristics not typical of E. rhusio­
pathiae (Tables 9» 10), joined with an isolate that had all of 
the characteristics of the species, in a reaction of identity 
against anti-type P serum (Fig. 15). The characteristics of 
reference strain Wittling El (type C) are not altogether 
typical of E. rhusiopathiae (Tables 9. 10); yet, all isolates 
that matched its serotype were typical of the species. The 
aberrations in characteristics of strain Wittling El, however, 
are relatively minor. 
If one can acknowledge the possibility that the 44 iso­
lates which were not positively identified are actually 
atypical strains of E. rhusiopathiae. then it could be postu­
lated that the presence of several different combinations of 
biochemical, serological, and pathogenic characteristics 
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(Table 13) is an indication that changes in the organism can 
occur in the environment of swine-pen soil. An apparent muta­
genic effect on E. rhusiopathiae by a species of Micrococcus 
has been reported by Marica and Sirmon (84). The changed forms 
retained their smooth colonial morphology, but lost their 
immunizing activity in mice. The environment in soil and 
manure of a swine pen may exert mutagenic influences unknown at 
present, and it is possible that such influences could cause 
development of different characteristics in E. rhusiopathiae. 
The possibility that other pathogenic nonsporeforming 
bacteria may exist in soil in different forms has been sug­
gested, and some investigators have proposed that such bacteria 
may reside in the soil in forms not known at the present time. 
Gledhill and CasIda (50) reported a heavy population in soil 
of a group of streptococci presumably related to Streptococcus 
sanguis. These organisms were pleomorphic upon initial iso­
lation, but acquired a typical streptococcal morphology after 
prolonged cultivation on artificial medium. Garcia and McKay 
(42) have suggested the possibility that pathogens often exist 
in the soil as L-forms; therefore, they would not be easily 
detected by conventional methods of culture. If this postulate 
can be accepted, then it is possible that E. rhusiopathiae 
could exist as L-forms in the soil. Stable L-forms of the 
organism have been reported (127, 136). The results of the 
present investigation, however, indicate that, at least in the 
bacillary form found in animals and grown on artificial medium. 
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E. rhuslopathlae survives poorly in soil. 
The stage of growth of the inoculums of E, rhusiopathiae 
added to experimental soils was not determined. However, 
according to published data on growth of E. rhusiopathiae in 
broth media (37» 108), the cultures were assumed to be in the 
early stationary stage at the time they were added to the 
experimental soils. 
The judgement method (106) used for sampling the soil of 
swine pens was considered the method most suited to the objec­
tive, which was to search for E. rhusiopathiae. Therefore, 
most samples were obtained from areas where the organism was 
considered most likely to be found. Further studies, using 
statistical sampling and quantitative cultural methods, could 
provide an estimate of the population of E. rhusiopathiae in 
a swine pen at various times. 
The method of testing the pathogenicity of isolates for 
swine by giving separate intradermal injections of cultures 
is adapted from the percutaneous method of exposure (123), and 
has been reported by Shuman (123), White (156), and Chodnik 
and Stevens (24). The skin on the sides of a pig between the 
shoulder and the flank provides a convenient and relatively 
uniform area for multiple intradermal exposures. Shuman 
reported no discernible difference in intensity of skin lesions 
caused by identical exposures in different areas of the side. 
Chodnik and Stevens stated that they observed a slight increase 
in sensitivity toward the dorsum, but gave no data. Intradermal 
1# 
injections of cultures provide a simple and economical method 
for testing the pathogenicity of E. rhusiopathiae for swine. 
Pathogenic E. rhusiopathiae characteristically induces a local 
urticarious lesion, which remains independent of other lesions 
for 24 to 48 hours, thus providing sufficient time to deter­
mine the effect of each individual culture. 
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SUMMARY 
Samples of soil, manure, and freshly voided feces obtained 
from swine pens on 19 farms in Iowa, were examined culturally 
for the presence of Erys ipelothrix rhusiopathiae. Isolates 
positively identified as E. rhusiopathiae were obtained from 
18 farms. The organism was found in 2^.6% of samples (ll6 of 
^53) of soil or manure collected from swine pens on 11 farms 
where swine erysipelas had been diagnosed within the previous 
9 months. In addition, isolates of E. rhusiopathiae were 
obtained from 32.9^ of samples (52 of 158) of soil, manure, or 
freshly voided feces from 8 farms where the disease had not 
been observed for at least 5 years. The l68 isolates were 
characterized and identified on the bases of morphologic, bio­
chemical, pathogenic, and serologic properties. All but 8 of 
the isolates were pathogenic for swine. Thirty-one per cent 
were of serotype A, 47.0^ of serotype B, 1.2^ of serotype C, 
3.0% of serotype E, 0 .6% each of serotypes G and P, and l6 .6% 
of undetermined serotype. 
An additional 44 isolates were characterized, but were 
not positively identified as E. rhusiopathiae because, although 
they resembled the species closely, they possessed various 
aberrant biochemical, pathogenic, and serologic properties. 
Six of these isolates possessed antigens identical to those 
representing serotype D, 5 possessed antigens identical to 
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those representing serotype P, and 33 were of undetermined 
serotype. 
The survival of E. rhusiopathiae was determined quanti­
tatively in soils under various conditions of temperature, 
moisture content, hydrogen-ion activity, and organic matter 
content. In addition, survival of the organism was determined 
in soils obtained from two long-established swine pens. 
Erysipelothrix rhusiopathiae died out at a logarithmic rate 
in all experimental soils. Temperature and moisture content 
exerted the most marked effects on survival. Populations of 
the organism survived 35 days at 3° C., 18 days at 12° C., 
10 days at 20° C., and 52 hours at 30° C. At 12° C., E. 
rhusiopathiae survived 4 days in partially air-dried soil, 
14 days in both moist and saturated soils, and 7 to 18 days at 
various ranges of hydrogen-ion activity. The organism survived 
7 days at 12° C. in a laboratory-prepared soil with high 
organic matter content, and 11 to l6 days in swine-pen soils. 
147 
CONCLUSIONS 
It is concluded, from the results of this investigation, 
that E. rhusiopathiae frequently is present in soil and manure 
of swine-raising premises. The organism can be found, not 
only in the soil of swine pens during several months after 
swine erysipelas has occurred on the premises, but also in soil 
of swine pens on farms where the disease has not been observed 
for at least 5 years. Isolates of E. rhusiopathiae that are 
pathogenic for swine can be found in soil of swine pens and in 
freshly voided feces of healthy pigs on farms that do not have 
a known history of swine erysipelas. 
Various serotypes of E. rhusiopathiae can be isolated from 
soil and manure of swine pens, and 2 or more serotypes can be 
found in the same pen. Serotypes in addition to A and B are 
present in the United States and can be pathogenic for swine. 
Results of experiments conducted in the laboratory indi­
cate that E. rhusiopathiae survives poorly in soil. The 
organism died out within 35 days under all conditions of 
temperature, moisture content, hydrogen-ion activity, and 
organic matter content tested. Death rate is most rapid under 
conditions of high temperature and low moisture. High organic 
matter content, high moisture content, or alkaline conditions 
do not necessarily favor survival of E. rhusiopathiae in soil. 
Acidity of soil does not necessarily hinder the survival of the 
organism. Continued presence of E. rhusiopathiae in soil of 
148 
swine pens may require its frequent dissemination "by the pigs 
inhabiting the premises. 
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